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•  • 

«  , 

•  * 

• 

yards 

Yards 

0.9144 

mitres 

3 

feet 

Miles 

‘5280 

feet 

• 

1.609 

kllpmitres 

. 

1760 

yards 

• 

0,868 

nautical  miles 

Mitres 

39.37 

Inches 

. 

3.281 

feet 

1.094 

yards 

Degr^s 

0.01745 

radians 

,  CONVERSION  OF  SQUARE  DIMENSIONS 

Multiply 

by 

to  obtain 

Square  Inches 

6.452 

cent Imit res  carrds  * 

• 

Centla.carr^s 

0.1550 

square  Inches 

Square  feet 

929 

centlm, carrds 

144 

square  Inches 

0.0929 

mitre  carri 

0.111 

square  yards 

Square  yards 

9.0 

square  feet 

0.8361 

mitre  carrd 

Mitres  carris 

10.76 

square  feet 

1.196 

square  yards 

Kilometre  carrd 

0.3861 

square  miles 

CONVERSION  OF  SPEEDS 


__Multiply_ 

Feet/minute 


to  obtain 
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Feet/minute 

0.01667 

0.01136 

feet/second’ 

miles/hour 

Feet/second  ^  • 

1.097 

0.5921 

0.6818 

kiloraetres/heure 

knots 

•miles/hour 

i» 

Miles/hour 

T 

0.447 

1.467' 

1.609 

0.3684 

m^tre/seconde 
feet/qg^cond 
k  Hornet  re  s/!ieure 
knots  * 

R  P  M 

0.1047 

radian/second 

' Knots 

* 

• 

« 

■  1.689 

1:855 

1.152 

'0.5148 

• 

• 

feet/second 
kilomet res/heure 
miles/hour 
metres/seconde 

• 

Kilomet res/heure 

• 

•  • 

* 

0.9113 
.  0.5^96  • 

0.6214 
•  o;2778 

0 

feet/second 

knots 

miles/hour 

metres/seconde 

Metres/seconde  .  • 

• 

5.281 
.  2.257 

5.6 

feet/second 

miles/hour 

kiloraetres/heure 

CONVERSION  OF  WEIGHTS 


Multiply 

by 

to  obtain 

■ 

Onces 

(Avoir  du  poids)  . . 

*  0.'0625 

28.55 

0.9115 

pounds 

Srammes 
ounces  (trov) 

Pounds  **  ’ 

•  (Avoir  du  poids) 

• 

16.0 

0.454* 

1.21528 

ojunces  . 
kilo^jramrae 
pounds  (trov) 

• 

2000 

907.18 

■  0.9072 

•  * 

pounds  . 

kilogrammes 
tons  (metric)  *  . 

< 

1000 

2205 

kilogrammes 
pounds(Avoir  du  do 

Ids) 

2.205  . 

pounds 

0 i  amr.icG 

dynes 

• 

Dynes 

2.248  X  10'^ 

pounds 

CONVERSION  OF  PRESSURES 
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Multiply 

by 

to  obtain 

Pounds/square  inch 

0.06804 
2.056 
••  703.1 

© 

atmospheres 
inches  of  mercury 
Kg/mitre  carr^ 

'  Pounds/square  foot 

0.19242 

•4.883 

* 

inches  of  water 
Kg/metre  carrd 

u, 

Atmospheres 

•  • 

♦ 

29.92 

1.033 

14. 7 

2116 

•  # 

Inches  of  mercury 
Kg/centimitre  carre 
pounds/square  tnchfes 
pounds/square  foot" 

■  v"~"~r - ' - 

• 

Inches  of  water 

• 

• 

* 

0.073  ^9 
5.198 

25.58 

inches  of.  merjcUry 
p.ounds/square  foot 
Kg/mitre  carr4 

Kg/metre  carr4 

0.2048 

• 

pounds/square  foot 

Kg/centimetre  carr^ 

14,22 

• 

pounds/square  inches 

CONVERSION  OP  POWERS  ' 


Multiply 

by 

’to  obtain 

1 

Foot .pounds/sec 

0.07717 

1.556 

0.01945 

• 

BTU/minute 

Watts 

kg/calories/minute 

BTU/minuto 

• 

12.96 

■0.02356’ 

•  17.56 

foot , pounds/second  • 
Horsepower 

Watts 

Horaepower*  • 

•  • 

• 

m 

BTU/mlnute 

Foot -pounds/sec 
.  kilowats 

Kg.calories/minute 

rl’  * 

^1.43 
. '  0.0935 

foot-pounds/second 

horsepower 

1 

Horsepower/hour 

2545 

641.7 

BTU 

kilogr/calories- 

0.1383 

T 

kilogrammes  metre 

Ergs 

7.376  X  10"® 

foot-pounds 
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DETERMINATION'  THROUGH  WIND-TUNNEL  TESTS 
AND  ANALYTICAL  METHODS  OF  THE  OPTIMUM 
DEFLECTION  DEVICES, SUITABLE  FOR  USE 
ON  JET-FLAP  HELICOPTER  ROTOR  BLADES 


«  *  *  ‘  *  ABSTRACT 

»  ^  '  * 

*  t  •  ^ 

•  • 

Tests  of  various  Jet-flap  configurations  were  carried  * 
out  In  the  ONERA  (Office  Natlonale  d'Etudes  et  de  ReehSrches 
Aeronaut Iques )  wind  tunne’ls,  wlUi  Mach  numbers,  blade  pitch 
angles.  Jet  deflections  and  C^  blowing  coefficients  approachlAn 
those  encountered  on  helicopter  blade  rotors. 

• 

Despite  some  limitations  in  test  conditions  (use  of  laminar 
airfoils  and  compressed  air  characteristics),  results  proved  lar¬ 
gely  satisfactory  and  the  analysis  of  the  test  data*  showed,  that. 
Jet-flaps  can  be  effectively  used  for  control  .and  "propulsion  of 
helicopter  rotors,  providing  some  precautions  are  taken  concer-  ’ 
nlng  the  compressed  air  characteristics  and  Jet-fiap  design. 

The  various  types  of  deflectors  tested  were  classified 
by  order  of  efficacy,  the  pneumatic  flap  showing  to  be  the  ijest. 

This  type  of  deflector  provides  tinlversal  possibilities 
and  represents  an  instantaneuus-rfesponse  slaved  control,  devoid 
of  play  and  inertia,  capable  of  reproducing' multicycllc  control 
potterns  over  the  azimuth  of  the  sweept’dlsc  and  making  it  pos¬ 
sible  to  Insure  constancy  of  the  air  loads . acting  on  the  ulades 
by  creating  suitably  high  lift  oj  the  retreating  blade. 

The  leading  blade  tip  Mach  number  can  be  1 ncreased ’without 
fear  of  compressibility  effects. 

The  tests  showed  also  that  control  by"  Jet-flaps  is  effec¬ 
tive  even  in  case  of  engine  failure  when  "natural"  blowing 
is  used.  '  ■  . 

The  Report  Includes,  in  Appendix, an  analytical  determi¬ 
nation  of  the  aerodynamic  torsion  moments  acting  on  a  let-flao 
rotor  blade.  *  ’  * 
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SYMBOLS 


i  Angle  of.  attack  of  blade  section 

c<  Angle  of  deflection  of  mechanical  (solid)  flap 

6:  Angle  of  deflection  of  the  jet  stream  with  respect  to  the 
^  blade  section  chord  line  (In  the  case  of  the  mechanical 

blown  flap,,  when  the  Jet  stream  follows  the  upper  .surf ace 
of  th%  fl.ap  the  angle  of  def le’ct ion  of  the  jet,  stream  • 
is  *  =  0^  +  (3  ,  • 

with  |S*=  15*  for  the  blade  model  tested  in  the' 

Si  wind-tunnel 

»  » 

|3  =  22*5  for  the  blade  model  tested  in  the 
Sj  wind-tunnel  ) . 

• Cj  Section  lift  coefficient 


M 


q  . 

qni 

"J 

'r 


Sectl  on  drag  coefficient 

Section  moment  coefficient  about  quarter,  chord 

Wind  i^peed 

Mach  number 

Jet  exhaust  velocity 

dynamic  pressfure 

2 

mass  flow  of  the  compressed  air’ used  for  blowing 

total  pressure  in  blowing  slit  dlstrlbutl on  chamber 

Resulting  aerodynamic  force  originated  by  blowing  in 
stationary  conditions  =  0) 

yj  k  uUh  k  .  . 

blade  chord 
Reynoldi  number 
Reference  model  surface 
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The  research  reported  In  thfs  docuaent  nas  been  made 
possible  through  the  support  and  sponsorship  of  the  U.S,  Depart' 
ment  of  Army,  through  Its  European  Research  Office,  (•) 

The  object  of  this  Report  v/hich  forms  the  second  phase 
of  the  research  program  relevant  to  the  application  of  Jet-flap 
principles  to  large  helicopter  rotors,  is  a  tvjo-dlmensional 
wind-tunnel  test  program  on  helicopter  rotor  blade  elements, 
tested  in  conditions  approaching  as  closely  as  possible. the 
.operating  conditions  of  helicopyer  rotorsi 

This  experimental  v/ork  is  accompanied  by  a  theoretical 
analysis  of  the  torsional  momc.its  acting  on  the'  Jet  flapped 
rotor  blades. 

The  test  program  covers  static  and  dynamic  experimental 
studies  of_  optimum  Jet-flap  deflectors  and  their  control  systems 
to  be  used  in  the  roeonniendcd  crane  helicopter  rotor  configu¬ 
rations  (sec  Report  No. 1088,  CIRAVIONS  DORAND.  Design  Study 
of  the  Peasiblllty  of  Plylng-Crane  Type  Helicopters  Incorpora¬ 
ting  ti  e  Jet-Flap  Control  System,  E,R.0.,US.  Departei.ent  of 
the  Army.  Contract  Jo. DA-91 -591-EUC-987) . 

The  work  performed  includes’ the  study  of  the^ behaviour 
of  various  Jet-flap  configurations  in  real  tip-speed  Mach 
Conditions  v;ith  blade  pitch  angles,  Jet  deflections  and 
coefficients  as  defined  In  the  design  study  mentioned  above. 

The  main  objectives  of  the  research  are  j 

-  selection  of  the  optimum  Jet  deflector,  efficient  up  to 
a  60*  deflection  at  low  Mach  numbers  (retreating  blade), 

-  investigation  of  Jet-flap  efficiencies  at  high  Mach  numbers 
(approx.  0,35)  for  small  deflections,  (approx  10®)  correspon- 
diflo  to  the  advancing ‘blade  conditions, 

-  determination  of  the  aerodynamic  response  time  (phase*  angle) 

of  Jet-flaps  operating  in. a  frequency  band  of  0.5  to  20  • 

cycles  per  second, 

-  analytical  determination  of  the  aerodynamic  torsional  moments 
acting  on  the  blade  for  various  jet-flap  deflections  and 
values . 


/. 

(®)  The  monitoring  and  funding  Agency  in  the  Department  of 

the  Army  was  the  Transportation  Research  Command,  Fort  Eust:s, 
Virginia. 

The  French  Government  contributed  to  the  program  t  rou^^h 
its  "Service  Technique  de  1 ' Adronaut ique"  in  funding  ■■".alf 
_ of  the  wind-tunnel  expenses  involved. _ 
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APPARATUS  AND  TEST  METHODS 


The  experimental  Investigations  reported  herein  were  » 
conducted  in  the  O.N.E.R.A.'  (“)  sjhand  s|^  Wind-tunnels . 

Preliminary  tests  on  deflectors  v/ere  carried  out  in  the 
ISSy  Wind-tunnel  belonging  to  the  SERVICE  TECHNIQUE  AERONAUTIQUE, 
(STAd.) 

Characteristics^ of  the  Wind-tunnels  : 

•  • 

.  The  main  characteristics  of  the  wind-tunnels  are  irldicated 
hereafter  ; 


Name 


VJorklng  Section 
Form  iDimenslon 


ONERA  Sj|Ch  ell*lpti-  16  x  8  ra 
cal 

ONERA  S^Ch  circular  1,0  m 
STAe.  ISSY  "  2.0  ’  m 


Max  Velocity 


50  m/sec 


M  =  1.0 
58  m/sGc 


Type 


Open- throat 


Return-flow 


Open- throat 


Description  of  blade  models 


Two, blade  models  were  used  in  the  ONERA  Wind-Tunnel  tests. 
Each  model  specially  designed' according  to  the  characteristics 
of  the'  wind-tunnel  in  which  it  was  to  be  tested  in  order  to 
yield  useful  data  at  various  Reyn\)lds  and  Mach  numbers. 

Both  blade  models  wore  of  dural  construction  and  had  remov2 bl 
trailing  edges  so  as  to  permit  the  testing  of  various  jet-flap 
configurations. 


They  had  both  NACA  66011  Sections. 


a'nd*  68 


Their  main  dimensions  are  given  .  croafter  and  in  Fig  50 


The  wind-tunnel  mountings  and  testing  procedures  are  indi 
cated  in  the  follov;lnj  text. 


Designation 

S^  Ch  Blade 
model 

S,  Ch  "  " 


chord 


span 


Ref.  Area' 


1.1  m  2.01  m  2.21  m 

0.55  rii  0.44  m  0.154  m' 


Ref .Volume 

2.451  r? 
0.0559  ^ 


O.N.E.R.A.  :  OFFICE  ilATIONAL  D'ETUDES  ET  DE  RECHERCHES  AERONAU¬ 
TIQUE: 


PHQtOO.YITON 
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Classification  of  the  tested  jet-flap  configurations 

During  the  course  of  the  Investigation  the  following 
types  of  Jet-flap  were  studleci  : 

a)  -  Mechanical  (solid)  tangentially -blown  flap. 

*•  * 

b)  -  Pneumatic  deflector, 

c)  -  Deflector  Incorporating  an  obstacle  (spoiler)  in 

the  Jet  stream,  associ^ated  with  a  convex  v;all, 

•  d)  -  Deflector  incorporating  a  pilot  Jet  associated  with  a 
,  convex  wall*. 

.  • 

Schematic  drawings  of  'the  tested  Jpt-flap  conf igur'atlons 
as  a  result  of  several  changes  to  the  basic  configurations  are 

given  in  Fig,  31i68,and  89  ^ the  fiVst  three  types  of  deflectors. 

.  »  • 

Preliminary  study  and  t*ests  of  Jet-flaps 

Prior  to  construction  of  Jet-f laps ’ for  testing  on  blade 
models  in  the  ONERA  wind-tunnels,  preliminary  studies  and  tests 
have  been  carried-out  on  various  Jet-flap  configurations. 

The  elementary  theory  of  Jet  reattachment  along  a  flap 
contour  (convex  wall)  is  reminded  hete^^ter. 

Let  us  consider  a  Jet  element. d£  moving  along  a  wall 
(see  Fig. 26)  and  write  its  equilibrium  conditions. 

The  centrifugal  force  of  this  element,  .having  a  width  x 
and  a  height  h  is 

P.  —  h  z  c/c 


•  The  negative  pressure  (suction)  acting  on  the  side  a’  b’ 
is  XApc/^. 

%  *  • 

•  •  In  oqulllbriura  conditions  one  gets'  : 

•  kx  cl(  =zAp^^' 

« 

The  required  pressure • along  the  wall  is  thus  : 

•  f 

Ap-LpV^^ 

Ap  is  created  in  a  natural  way. 

In  order  to  decrease  Ap  locally  it  is  necessary  : 

/. 


, -  to  decrease  V  or  h  ° 

-  to  increase  R  * 

Variation  of  R  alonn  the  convex  wall . 

© 

On  the  basis  of  presiSure  distribution  along  the  upper 
surface  of  an  airfoil  section  it  nay  be  said  that  R  must  Increase 
towards  the  trailing  edge. 

Different  curvature  distributions  have  been  tested  durlnp- 
the  preliminary  tests.  '  * 

•  e 

*  disturbances*  pccuring  In  the  boundary  layer  (modifi¬ 
cation  of  Ap  )  may  cause  the  stalling  of  the  flow.  -  | 

'  *  •  I 

In  a  similar  way  to  the  case  of  a  sphere  (PRANDTL)  two  flow  I 
conditions  (one  laminar  and  one  turbulent)  may  exist.  The  existend 
of  such  two  working  conditions  and  of  the  critical  pressure  ratio  1 
separating,  them  has  been  made  evident',  during  the  tests  (see  furtheJ' 
The  Influence  of  the  rate  of  variation  of  the  pressure  along  the  I 
section  contour  (Schlichtlng)  has  also  been  made  evident.  | 

An  experimental  curve  has  been  established  (see  Fig.lJ)  I 

which  gives, in  function  of  such  parameters  as  slit  width,  radius  -I 
of  curvature,  of  f]ap  and  up-stream  pressure  ratio,'  the  line  of  I 
separation  between  laminar  and  turbulent  flow  conditions.  I 

A  small  amount  of  suction  along  the  wall  near  the  leading 
edge  (see. Pig. 7)  has  but  a  little  effect.  I 

Theoretically  it  should  be  possible  to  delay  stall  by  the  I 
moans  of  a  homogenous  suction  along  the  entire  wall  contour. 

This  nethod  has  not  been  applied  for  technological  reasons  I 
(complexity).  o  no  ■ 

The  preliminary  tests  on  the  various  jet-flap  configurations  I 
have  been  performed  in  the  STA  wind-tunnel.  I 

The  testing  installation  is  indi'cated  in  Fig.l,  I 

Preliminary  tests  of  mechanical  tangentially  blown  flaps  I 

These  tests  consisted  in  studying  the  effects  of  slit  width 
pressure  ratio,  position  of  slit  edges  with  respect  to  flap-  and  | 

flap  surface, aspect  and  geometrical  characteristics.  I 

The  testing  assembly  is  shown  in  Fig. 2.  I 

Flap  deflections  were  achieved  by  means  of  a  specially  desl-  I 
gncd  push-pull  cardan  typo  device  connected  to  the  control  rod.  I 
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F1g.5  to  12  present  the  results  of  thes’e  prelirainarj' 
tests  which  are  discussed  in  the  sections  which  follow, 

A. schematic  drawing  of  the^blade  trailing  edge  slit  posi¬ 
tion  with  respect  to  the  flap  leading^ edge  Is  given  in  Fig. 5. 

ft 

S'  * 

,  The  blowing  Jet  stream  arrives  tangentially  on  the  flap 
upper  surface 

If  the  flap  is  deflected  in  a  continuous  way#the  Jet 
stream  follows. the  flap  until  a  certain  limit  deflection  when  it 
starts  quivering  and  suddenly  stalls  and  returns  to  its  initial 
direction  (flap  not  deflected  ). 

If  the  deflection  of  the  flap  is  then  decreased  the  Jet 
stream  will  eventually  return  back  toward’s  the  flap  but  only 
at. a  flap  deflection  which  is  generally  smaller  than  the  previous 
stalling  limit. 

This  effect  raay-be  visualized  by  •means  of  a  thread  placed 
in  the  Jet  stream* (see  Fig.  2  )  apd,  if  the  flap  is  deviated 
byi^and.  the  variation  of  the  pitching  mo.ment,  when  stall  appears, 
may  be  felt  quite  well. 

In  order  to  investlngate  the  -dynamic  response,  flap  devia¬ 
tions  were  controlled  by  a  motor  having  an  eccen-rio  drive,  and 
an  electronic  bpeed. . regulation. . 

Tests ‘have  been  carried  out  at  frequencies  of  8,  10,  12 
and  15  cycles  per  second. 

Effect  of  slot  v/idth  Si  'and  of  pressure  ratio 
(Fig.  4)  ^ - 

For  ‘narrow  slits,  there  appear  to  exist  two  different  flow 
working  conditions,  functions  of  the  pressure  ratio. 

• 

For  low  pressure  ratios  the  first  condition  is  characterized 
by  Jet  deviations  which  may  exceed  90  degrees  (the  Jet  st'ream 
may  return  in  the  backwa-rd  direction). 

The  flow  is  very  even  and  the  Jet  stream  follows  closely 
the  flap  over  all  its  surface. 

The  second  working  condition  is  characterized  by  a  limit 
angle  of  deviation  of  about  5^  degrees.  It  appears  for  higher 
pressure  ratios. 

In  this  case  the  thread,  placed  in  the  Jet  stream,  follows 
the  flap  up  to  a  deviation  of  approximately  20  or  25  degrees. 
After  that  the  flow  shows  a  lump  at  the  leading  edge  of  the 
flap  and  the  thread  quivers  and  does  not  follow  closely  the 
flap  any  more.  When  stallir.f,  occurs  the  Jet  stream  returns 
to  its  initial  direction  as  if  the  flap  were  .-.ot  deflected. 


/. 
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For  the  critical  pressure  ratio,  which  is  fairly  "peaky",  the 
two  working  conditions  exist  simultaneously  ;  the  second  condi¬ 
tion  is  obtained  easily,  whilst  the  first  condition  is  obtai¬ 
ned  when  the  flap  is  deflected  in  a  slow  and  even  way. 

When  the  width  of  the  slit  is  increased  up  to  2.5  ram  it  becomes 
difficult  to  determine  the  critical  pressure  ratio,  though  the 
two  working  conditions  subsist. 

iVhen  the  width  of  the  slit  reaches  5.5  mm  the  first  working 
'condition  disappears. 

These  tests  have  also  brought  to  evidence  effects  of  parameters 
sudi  as  i 

-  radius  of  the  flap  leading  edge, 

-  position  of  the  point  of  maximum  neg.  pressure  over  the 
flap  airfoil, 

Curve  in  Fig. 15  gives,  in  terras  of  the  blowing  pressure  ratio, 
the  limit  value  of  the  ratio  between  slit  width  and  flap  lea¬ 
ding  edge  radius  in  order  to  avoid  the  second  working  condi¬ 
tion  indicated  above  and  stalling  of  the  Jet  sheet. 

b )  Effect  of  the  position  of  the  upper  edge  of  the 
slot  relative  to  the  flap  axis  of  rotation 
(Fig. 5). 

In  order  to  get  negative  jet  stream  deviations  (upwards)  it 
is  necessary  to  cut  off  the  upper  edge  of  the  slit. 

With  slit  upper  edges  shortened  by  5  to  7  mm.  the  efficiency 
of  the  system  was  not  noticeably  modified. 

It  must  be  noted  however  that  the  shortening  of  the  slit  upper 
.  edge  modifies  the  width  of  the  slit^ 

c)  Effect  of  the  flap  surface  aspect  and  effect  of  the 
distance  h  between  the  flap  and  the  slit  lower  edge 

; 

Flap  surface  aspect  (polishing)  has  little  effect  on  perfor¬ 
mance,  but  the  latter  are  very  sensitive  to  variations  of  h  . 

An  Increase  oi  h  from  1.5  mm.  to  1.8  mm.  may  cause  the 
disappearance  of  the  first  flow  working  condition  described 
previously  . 

d)  Effect  of  apertures  designed  for  communication 
with  atmospheric  pressure  (Fig. 7) 

The  presence  of  apertures  suet  as  Indicated  in  sketch  n®.l  has 
no  effect  on  the  critical  pressure  ratio. 
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On  the  contrary  an  aperture  configuration  such  as  shown  in 
sketch  No. 2  decreases  the  critical  pressure  ratio. 

In  this  last  case,  when  communication  with  atmospheric  press 
is  suppressed,  the  initial  critical  pressure  is  practically 
restored.  * 

e)  Effect  of  concave  flap  sections  (Fig. 8) 

These  sections  have  been  tested  for  technological  purposes. 


Decrease  of  efficiency  is  evident  but  not  prohibitive. 

i  • 

*  t 

f )  Effect  of  tubular  flaps 

Tubular  flaps  (see  Fig. 9  to  12)  have  also  been  tested  .  Tube 
radii  were  comprized  between  20  and  58  mm. 


The  width  of  the  slit  was  given  three  different  values  : 


1.8  mm. 


■^  =  4.5  mm.  and 


=  7*3  mm^ 


-Figures  /O  and  If  show  the  compared  performances  of  tubular  and 
conventional 'flaps.  ' 


It  may  be  seen  on  Fig.  10  that  the  first  flow  working  condition 
subsists  for  higher  pressure  ratios  in  the  case  of  txibular 
flaps.' 


On  the  other  hand,  v/hen  the  ratio  of  the  slit  width  to ‘the  flap 
tube  radius  exceeds  0.18  the  jet  stream  does  not  follow 
the  tubular  flap  any  more. 


The  -  mechanical  flap  characteristics  selected  for  the  wind- 
tunnel  tests  at  ONERA  are  indicated  in  Pig,  3/  and  G8  . 

The  distance  between  flap  trailing  edge  and  its  hinge  axis 
has  been  fixed  approximately  at • l6  ^  of  blade  chord. 


Preliminary  tests  of  pneumatic  deflectors  , 

The  preliminary  series  of  tests  have  been  carried  out  on  5 
types  of  rubber  membranes: 

a)  -  Pure  rubber,  1  mm,  thick, 

c)  -  Fabric  reinforced  rubber,  0.65  mm.  thick, 

c)  -  Fabric  reinforced  rubber,  2,5  mm,  thick. 

The  object  of  the  first  series  of  tests  was  to  study  the 
behaviour  (vibration)  of  a  plan  rubber  membrane  submitted  to  the 
action  of  a  tangential  jet  stream. 


/. 
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The  variable  parameters  were  : 

-  width  of  the  Jet  stream  (slit) 

-  pressure  of  the  Jetstream 

-  initial  tension  of  the  membrane, 

4. 

The  test  assembly  is  shown  in  Fig.  14. 

The  second  series  of  tests  has  been  carried  out  in  order 
to  study -the  behaviour  of *  the  rubber  membrane  when  distorted  by 
swelling  up  of  a  boot.  * 

• 

The  test  assembly  is  sho.wn  in  Pig.  I5. 

t 

* 

•Membranes  of  types  a)  and  b)  were  selected  for  these 
tests. 


Pure  rubber  and  fabric  reinforced  rubber  boots  were  both 

used. 


The  variable  parameters  were  the  sane  as  in  the  first  series 
of  tests. 

The  results  showed  to  be  satisfactory  with  Jet  deflections 
over  60  degrees. 

The  results  of  these  tests  are  summarized  in  Table  1. 

An  initial  tension' of  15  and  the  b)  type  membrane  were 
then  selected  for  testing  a  Jet-flap  configuration  as  shown  in  Pin- 


This  type  of  deflector  was  tested  with  slits  of  1  ram.  and 
1.5  ram.  thickness  and  various  Jet  stream  pressures. 

Curves  in  Flg.l9  show,  as  a  function  of  pressure  in  the 
rubber  boot  : 

-  the  angle  of  deflection  of  the  flap 

•  # 

-  the  angle  of  deflection  of  the  Jet  stream. 

A  cec'rd  type  of  deflector  ,  as  shown  on  Pig.  I7,  Was  also 
tested. 

Test  results  are  given  in  Pig. 20. 

These  tests'  indicated  that  the  tension  of  the  membrane 

did  not  remain  constant  and  that  a  flexible  hinge  favoured  vibra¬ 
tion  of  the  metal  blade, 
the 

Following/tests  carried  out  on  flexible  rubber  deflectors 
a  new  type  of  deflector,  as  shown  In  Fig. 18  and  m^de  up  of  thln^ 
steel  blades  and  a  rubber  boo.  was  tested. 

/. 
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0 

y 

®  T  A  B  L  1 

: _ I 

Type  a) 

Type  b) 

Type  c) 

Slot  v/idti 

Distorts  at  1.5 
pressure  ratio 

Vibrates  at  2,7 
pressure  ratio 

Vibrates  at  4.0 
pressure  ratio 

3 

1.5  mm. 

Distorts  at  2‘.5 
vibrates  at  2,7 
pressure  ratio 

Vi b raters  at  2,9 
pressure  ratio 

13 

Vibrates  at  5.0 
pressure  ratio 

Vibrates  at  2,6 
pressure  ratio 

•  .. 

23 

» 

Vibrates  at  5.I 
pressure  ratio 

Vibi'ates  at  2.'85 
pressure  ratio 

3  f‘> 

•* 

4.5  mra. 

» 

Vibrates, at  4.0 

pressure  ratio  • 

•  * 

•  . 

_ 

^Vibrates  at  4.3 
pressure  ratio 

*13 

Distorts  at  2.4 
pressure  ratio 

• 

cu 

2.5  ram. 

Vibrates  at  2,6 
pressure  ratio 

23 

Jet 

pressure 


1.65 


1.8 


2.15 


2.4 


Type  b)  Tension  2ir 
pure  rubber  boot 


I  Type  _b)  Tension 
!  Fabric-rubber  boot 


2,5  mm  slot 


Correct 

Sj  >  60° 


Correct 


Obstacle  in 
Jet.  stream 


1,9  slot 


Correct 


0,9  slotfl 


Correct 


Correct 
but  noisy 


1  ,’5  slot 


Correct 


Type  a) 
pure  rubbeij 
boot* 


2,5  slot 


Correct 

B->  60° 

^0 


Correct  f oj 
<1 


2.7 


Vibrates 


3.5 


( 


Deflection  stops 


Pressure  in  boot  ; 
■C#^5  max. 


Pressure  in  ooot  :  l.p  Ko/cm2 
(For  lower  pressures  there 
appears  a  high  pitched  noise 
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Fie. 21  to  25  Indicate,  as  a  function the  pressure 
in  the  rubber  boot: 

-•  the  angle  of  deflection  o(  of  the  flap 

-  the  angle  of  deflection  9.'  of  the  Jet  stream 

Q 

-  the  Jet  stream  pressure. 

Such  a  deflector  gives  a  combination  of  solid  and  fluid 
flap  effeetp. 

Its  ^operation  is  effected  by  means  of  the  rubber  boot 
inflation^which  simultaneously  controls  the  deflection  cf  the 
flap  and  its  curvature. 

The  proportion  between  solid  flap  deflection  and  Jet 
deflection  may  be  adjusted  at  will. 


4 


This  type  of  deflector  \’ls  uelectod  for  the  wind- 

tunnel  tests  to  be  carried  out  on  the  rotor  blade  models. 


Preliminary  tests  of  deflectors  incorporating 
a  spoiler  (screen)  associated  with  a  convex  wail ( YOUNG-COANDA 
effect ) 


A  schematic  configuration  of  this  type  of  deflector  is 
indicated  in  Fig.  24, 

The  preliminary  tests  consisted  in  studying  the  Influence 
of  such  parameters  as  : 

« 

-  vertical  (Y)  and  horizontal  (X)  distances  of  the  convex'  wall 
with  respect  to  slit  edge, 

-  location  of  spoiler  (screen)  with  respect  to  slit  edge, 

-  height  h  of  spoiler  (portion  emerging  in  Jet  stream) , 

-  curvature  of  convex  wall. 

The  results  of  these  tests  arc  presented  in  Fig.  i’5'  where 
et  deflections  are  plotted  in  function  of  the  height  h  of 
spoiler. 

The  selected  values  of  X  and  Y  were  : 

X  =  5  Y  =  -  1  (see  Fig. 25). 

Tne  curvature  of  the  conve:.  wall  was  desii,ned  in  such  a 
way  that  no  high  pressure  zone  appears  at  z'.ic  xeading  ^d^e  and  a 
corroc-  pressure  distribution  is  obtained  along  the  entire  sectior 
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These  pressure  distribution  for  different  values  of  h 
are  also  indicated  in  Fig. 25. 

i 

Study  of  deflectors  incorporating  a  pilot  Jet  associated 
with  a  convex  wall. 

A  preliminary  study  of  such  deflectors  has  been  made  in 
collaboration  with  the  EERTIN  CO.  (^specialists  of  reverse  Jet 
techniques) . 

Fig. 26  shows  a  ^hematic  presentation  of  a  deflector 
incorporating  a  transverse  auxi'llary  Jet  and  reattachrnent  along 
a  convex  wall. 

Fig, 27  indicates  the  deflections  which  may  be  obtained 
with  a  deflector  of  this  type  as  a  function  of*  t*he  momentum  ratio 
a  of  the  main  and  auxiliary  flows. 

* 

£.  is  the  contraction  coefficient  which  for  practical  appli¬ 
cations  should  be  small  (around  0.7  to  0.8),  in  order  to  avoid 
up-stream  unacceptable  excess  pressures. 

This  Fig. 27  shows  that  for  deflections  larger  than  20  degree 
the  auxiliary  Jet  mass  flow  becomes  prohibitive. 

For  this  reason  this  type  of  deflector  was  not*retai- 
ned  for  wind-tunnel  tests. 

Discussion  of  the  preliminary  tests  and  studies 
conducted  on  the  various  Jet-flap  configuration 

The  preliminary  tests  and  systematic  studies  conducted  on 
the  various  types  of  Jet  deflector  configurations  described  above 
indicated  a  possible  design  criterion  that  may  be  used  'to  select 
Jet  deflectors  which  can  be  efficiently  operated,  for  any  given 
type  of  rotor-blade. 

The  following  conclusions  may  be  suggested  : 

-  the  first  two  types  of  deflectors  (mechanical  blown  flaps 

and  pneumatic  deflector)  are  better  adapted  for  use  with  narrow 
ejection  slits  (width  of  slit  to  blade  chord  ratio  under  1  fj) . 

The  field  of  application  of  these  two  types  of  deflectors  may 
tentatively  be  indicated  as  follows  : 

-  for  wide  rotor  blades  (chord  over  two  ft.)  either  of  these 
deflectors  may  be  used, 

-  for  narrow  rotor  blades  the  pneumatic  deflector  is  preferable. 

Jet  deflections  obtained  with  these  two  types  of  deflectors 
exceed  50  degrees  and  their  dynamic  behaviour  (up  to  20  cycles  per 
second)  is  satisfactory,  /. 
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The  aschanical  blown  flap  appears  to  3ive  larger  values 

of  drag  than  the  pneumatic  deflector. 

*  <• 

• 

The  configuration  selected  for  the  pneumatic  type  of 
deflector  associates  an  inflatable  boot  with  a  solid  flexible 
covering  permitting  a  variation  of  curvature  of  the  upper  surface 
of  the  -flap  together  with  its  deflection. 

The  last  ^two  types  of  deflectors  (spoiler  type  and  auxi¬ 
liary  pilot  Jet  type)  are  ^characterized  by  wide  ejection  slit's 
and  are  mainly  applicable  for  use  .with  v/lde  chord,  jet-driven, 
rotor  blades  and  high  temperature,  lovj  pressure  ratio,  air  flow. 

-  Jet  deflections  obtained  with  the  spoiler  type  deflector 
arc  almost  comparable  t6  those  obtained  with  the  first  two 
types  of  deflectors. 

Jet  deflections  obtained  with  the  deflector  incorporating 
a  pilot  jet  reach  a  maximum  of  approximately  20  degrees.  Its 
efficiency  is  limited  by  the  -amount  of  mass  flow  required  for 
the  auxllialry  nigh  pressure  pilot  jet. 

The  defl.ectors  which  have  finally  been  selected  for  testing 
in  the  ONERA  wind  tunnels  belong  to  the  first  three  types  descri¬ 
bed  abov,e. 

•  . 

The  following  configurations  were  used  in  these  tests’: 

®  ni  * 

1. r  2.01  X’  1«.10  blade  model  (Tests  in  Ch  Wind-tunnel)  • 

-  Mechanical  blown  flap 

-  Pneumatic  deflector 

.  • 

-  Spoiler  type  deflector^ 

Static  tests  only  were  carried-out  in  this  wind-tunnel 
for  these  three  types  of  deflectors. 

2. -  0?44  X  0'f55  blade  model  (Tests  in  S^  Ch  V/ind-tunnel) 

-  Mechanical  blown  flap 

-  Pneumatic  deflector 

Stactic  tests  were  carried-out  for  the  two  types  of 
deflectors. 

Dynamic  tests  were  carried-out  for  the  mechanical  blown 
flap  only. 

(Previous  :ynamlc  tests  performed  outside  of  the  wind-tunnel 
with  the  three  types  of  deflectors  she  ,cd  that  their  beha¬ 
viour  was  comparable). 
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TESTS  IN  O.N.E.R.A.  V/IND-TUNNELS 

% 


TEST  PROCEDURE  AND  PRESENTATION  OF  RETSULTS 


General  considerations 

«  « 

• 

Before  giving  a  description  of  the  test  procedures  and  . 
presenting  the  test  results  it  has  been  thought  of  interest 
to  indicate  the  assumed  domain  of  variation  of  t’ e  different 
parameters  involved,  such  as  applicable  to  helicopter  flight 
conditions. 

Table  2  indicates  this  domain  of  variation  for  : 

-  Jet  exhaust  velocity  (at  slit)  , 

-  coefficient 

-  Blade  lift  coefficient  (section  coefficient) 

-  Required  jet-flap  deflection 

and  for  different  helicopter  design  configurations. 


tests  IN  Si  Ch  WIND-TUNNEL 
Description  of  the  model 

The  model  was  a  rectangular  helicopter  blade  member 
(airfoil  section  NACA  66OII),  comprising  a  front  portion  (up  to 
about  70  fo  -of  the  chord)  and  a  removable  rear  portion  adapted 

to  receive  three  flap  configurations  (see  Fig. 51); 

•  * 

-  a  mechanical  flap 

-  a  spoiler-type  flap 

-  a  pneumatic  flap,  deformable  under  the  action 
of  a  rubber  boot. 

References  ; 

Blade  chord  :  t  =  1,10  ra 

Span  ;  2b  =  2,01  m 

2 

Reference  surface  ;  S  =  2.21  m 
Reference  volume  ;  V  =  2,451  nP . 

The  origineof  the  reference  axes  was  located  at  the  inter¬ 
section  between  the  symmetry  plane  of  the  blade  and  the  rotation 
axis  of  the  front  attachments  (see  Flg.50).  /. 
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The  flap  blowing  compressed  air,  supplied  through  two 
centered  elbows  on  -^.he/^S^tachment^,  fed  both  ends  of  a  distri¬ 
buting  duct  located  in  a  distributing  box  extending  along  the 
whole  span-length. 


V/ind-tunnel  test  procedure 


The  blade  was  secured  between  panels.  Two  protecting 
plates,  provided  to  avoid  interaction  in  the  boundary  layer 
of  the  panels,  were  Integral  therewith. 

Figures  28  &  29  show  the  set  up  in  the  wind-tunnel  section. 

The  front  attachments  of  the  blades  defined  the  rotation 
axis  for  incidence  variations;  they  were  pivoted  on  two  dynamo¬ 
meter  spindles.  Two  air-tight  rotary  Joints  permitted  rotation 
of  the  blade, 

• 

The  rear  attachment  was  articulated,  through  a  dynamometer 
ring  about  the  end  of  a  telescopic  strut  (incidence  adjustment). 

Apparatus  and  Instruments 


The  air  loads  were  determined  by  means  of  extensoraeter 
gauge  dynamometers. 

The  local  pressures  were  measured  in  a  blade  section  paral¬ 
lel  to  the  symmetry  plane  (see  Fig. 50). 

The  distribution  of  the  pressures  on  the  blade  (wall 
pick-up's)  were  measured  by  means  of  an  alcohol  multi-manomet.er» 

The  measures  have  been  recorded  photographically, 

j 

The  air  rates  of  flow  were  measured  by  means  of  an  AFNOft 
*  diajjhragm. 

Test  Results 

The  test  results  are  presented  in  Fig.  52  to  67  as  follows: 
Tests  with  raechanical  flap 

-  Curves  Cz  (i),  (Cm),  Cz  (Cx)  with 

0;=  15%  57.5%  52.5“  for  C.  =0,  O.O9,  0.22  and  Vo=22  m/s 

^  Fig. 52  to  5^. 

-  Curves  C2(l),  ,  Cz  (Cx)  with 

6;=  5%  15%  57.5%  52.5"  for  C^  =0.70  and  Vo=  15  m/s  Fig.55 


-  Curves  Kp  C/^)  for  dj=  5%  15%  57-5%  52.5*  with 
1  =  -5%  O’,  6%  15*  and  C.  =0,  O.075,  0.22,  O.6I  Fic.57to45 
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Tests  17 1th  spoiler-type  flai 


-  Curves  (C^),  Cx  (C^),  0^  (C^)  with  9^=  0\  20%  24%  52" 

and  1  =  0  with  V©  =*  22  m/s  for  0.2  and  V©  =  15  n/s  for 

'  r 


■  y  0-2 


PliS.  46 


-  Variations  of  Kp  for  limit  values  of  0«  0*  and  52*, 

A  r  _  a 

and  Cn  =  0  and  0.59  (The  variations  of  Kp  are  small  for 


the" intermediate  values  of  C,/  and  9;  ) 

^  d 


Pig,  48 


Tests  with  pneumatic  flat 


-  Curves  C^Cl) C2(Cjn)  >  CgCC^^)  for  three  values  of  and 


C.  =0,  0.08,  0.22  and  Vq  =  22  m/s 


Pig.  49  to  5: 


-  Curves  Cz{i) »  CziCm) »  CziC^)  for  0,  =  4*.  4?%  48*  with 


C^  =  0.81  and  Vq  •=  15  m/s 


Pig.  52  and  55 


-  Curves  *62(0^),  C^(C^)p  Cm(C^)  with  dj  ^  0*,  46*  and  i  =  0 

Vq  =  22  m/s  for  C.  <  0.2  and  Vq  «  15  m/s  for  C  >  0,2 

^  ^  Pig. 54 


-  Variations  of  Kp  (%)  with,!  =  -  5*,  0*,  6*,  15*  and 
Cp  =  0,  0.087#  0*56,  0.8,  ^  other  values  comprised 


between  54*  and  48*. 


Pig. 56  to  66 


-  Stationary  conditions  (Vq  =  0) 

-  Curves  Rj  (qn,  Vj)  for  the  three- types  of  flaps 


Pi6»56,  47  and 
55  . 


Remarks 


Corrections 


The  tunnel  section  ascending  correction  has  been  effected 

The  aspect-ratio  corrections  resulting  from  the  speeds 
induced  by  the  panel,  the  protecting  plates,  and  the  tunnel 

/. 


section  limitation  have  been  the  object  of  a  study  by  means 
of  rheo-electric  analogy  methods. 

The  correction  for  parasite  loads  introduced  by  the  rear 
strut,  the  three  attachments  and  the  air-tight  Joints  (drag  and 
friction)  has  also  been  effected. 

Measuring  of  loads  and  pressures  have  been  effected  separa- 
ely  in  order  to  eliminate  the  parasite  stresses  of  the  pres¬ 
sure  captor  pipings.  ^ 

Measuring  accuracy 

Load  measuring  accuracy  :  approx,  1  ^ 

Blowing  Coefficient  I 

The  blowing  coefficient  is  defined  as  f oi:  ov;s  : 

.  •  “ith  -Bd- 

Rj  is  the  resultant  aerodynamical  force  measured  in  statloJ 
nary  conditions  (Vq  =  0)  for  different  values  of  I 

•^m  Vj 

Figures  36,  4?  and  55  show  a  comparison  between  R.  as 
measured  and  Vj  determined  :  J  I 

-  by  measuring  q^  ,  I 

.  -  by  computing  Vj,  assuming  that  the  expansion  is  isen- 

tropic  from  Pi,  to  p^^;  the  difference  between  this  curvJ 
and  the  theoretical  straight  line  R,  =  q„  v.  results  I 
in  particular  :  J  ®  J 

-  from  the  head  losses  inside  the  blowing  box,  I 

from  the  fact  that  the  pressure  Pj ,  is  not  uniform  I 

in  said  box,  I 

Deflection  of  the  Jet  I 

^  The  angle  9^  was  computed  from  tan  9;  =  ,  R,  and  I 

Rx  oelng  measured  in  stationary  conditions,  for'^he  spoiler  type 
flap  and  the  pneumatic  flap,  I 

Reference  speed  I 

distribution  of  the  static  and 
dynamic  pressures  in  the  passage  in  the  presence  of  the  panels 
ana  protecting  plates,  ^  I 

Fig, 67  shows,  as  a  function  of  x  and  2,  the  evolution  : 
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of  the  dynamic  pressure  coefficient  defined  by  : 

_  q  f exploration) 
q  (reference) 

of  the  static  pressure  coefficient  : 

p  (reference)  -  p  (exploration) 
q  (reference) 


TESTS  ^IN  Sj,  Ch  V/IND-TUNNEL 
STATIC  TESTS 


Description  of  the  model 

The  model  was  a  rectantiular  helicopter  blade  member,  desig- 
rled  to  be  set  along  the  tunnel  v;all» 

It  was  machined  with  airfoil  section  NACA  66OII,  i.e,  with 
a  relative  thickness  of  11  ^  for  a  theoretical  chord  /=  0,550  m. 
The  deflecting  flap  did  not  exactly  fit  with  the  shape  of  the 
theoretical  airfoil  trailing  edgej  it  was  shorter  by  55  nim, 
which,  for  a  chord  of  0,517  ro,  leads  to  a  relative  thickness 
of  12.2  fj. 


The  general  shape  and  main  dimensions  are  defined  in  Fig, 
68  and  Pig, 69. 

length  of  the  blade  member  ;  b  =  0,440  m 
width  of  the  slit  ;  1,5  mm. 


pitching-moment  axis  :  25  of  the  chord  , 

For  the  set  of  tests  performed  in  tridimensional  flow  a 


wing- tip  bay 

v/as 

added  at  the  free  end  of  the  blade-mode 

References 

' 

Chord 

• 

• 

f 

=  0.550  m 

Surface 

• 

• 

S 

=  l.b  =  0.154 

Volume 

• 

« 

V 

=  S.l  =  0.0559  r?  . 

Configurations 

of 

the 

tested  Jet-flaps 

Tv/o  types  of  deflecting  flapr  were  tested  : 

Type  A1  -  Rigid  mechanical  flap  (Fig. 68).  It  comprises  a  mecia- 
nical  control  system  enabling  it  to  pivot  about  an  axis 
located  inside  the  blade  airfoil.  , 
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Type  A2  -  Pneumatic  flap,  contrdLled  by  compressed  air  (Pig. 89). 

The  deflection  of  the  jet  is  obtained  by  curving  an 
elastic  metal  part,  the  curvature  variation  of  which 
is  produced  by  means  of  an  ’nflatable  boot,  made  of 
rubber  textile. 

Both  flap  types  act  as  Jet  flaps  as  well  as  solid  flaps 
and  therefore  keep  a  certain  amount  of  efficiency  when  blowing 
is  stopped. 

Wind-tunnel  test  procedure 

The  tests  were  performed  in  passage  No.l  incorpora¬ 
ting  perforated  walls  and  equipped  with  a  remotely  controlled 
wall  balance  support. 

Two-dimensionnal  tests  were  conducted  between  panels 
the  passage  being  divided  into  two  compartments,  along  its 
vertical  symmetry  plane  by  means  of  a  duralumin  panel  (Fig. 69). 
A  fairing  having  the  same  shape  as  the  model  was  disposed  sym¬ 
metrically  therewith  in  respect  to  the  panel  so  as  to  balance 
the  obstruction  of  the  passage.  The  links  controlling  the 
angular  motion  of  the  flap  during  dynamic  tests  were  passing 
through  this  fairing. 

This  fairing  was  removed  during  tests  at  high  Mach  num¬ 
bers  in  order  to  reduce  the  obstruction. 

Tridimensional  tests  have  also  been  carried-out. 

During  these  tests  the  symmetry  panel  and  the  fairing  were  remo¬ 
ved. 


The  tests  program  included  : 

-  static  tests  with  A1  and  A2  flap  configurations  , 

-  dynamic  tests  with  A2  flap  configuration  (see  test 
procedure  in  next  section). 

I 

Modification  of  the  flap  deflections  during  the 
static  tests  could  only  be  made  with  the  wind-tunnel  stopped. 
The  value  of  the  deflection  was  read  on  a  graduated  scale 
segment  connected  with  the  model. 


In  all  cases,  the  reference  value  was  angle  o<  . 
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STATIC  TESTS 


Apparatus  and  equlment 

The  balance  used  was  the  wall  balance  n*4l,  designed  and 
developed  by  the  ONERA  Measuring  Department. 

For  dynamic  tests,  this  balance  was  replaced  by  a  rigid 
disc  fast  with  the  wall  balance  support. 

The  measures  have  been  effected  with  standard  OA  gauge 
balance  equipment,  for  several  Mach  numbers,  with  variable  inci¬ 
dence  angles, flap  deflections  and  C,.  values. 

r 

Determination  of  the  mass  flow  q^j  ,  was  effected  by  means 
of  an  APNOR  diaphragm,  the  blowing  Jet  speed  Vj  was  derived  from 
pressures  Pj^j  measured  in  the  blade  upstream  the  slit  and  p 
measured  in  the  alrstream.  ° 

For  high  Mach  numbers,  the  cross-sections  in  the  flow¬ 
meter,  proved  to  be  too  small,  thus  requiring  pressures  inconsis¬ 
tent  with  safe  working  of  the  plant.  The  flow-meter  was  there¬ 
fore  replaced  by  a  dlaphragraless  piping,  of  larger  and  uniform 
cross-section. 

^ra  ^J  computed  by  extrapolating  the  results  measured 

on  the  flow-meter,  from  pressure  pj^j  (diagram  q^  (Pij))» 

The  reference  dynamic  pressure  and  the  Mach  number  were 
derived  from  the  generating  and  static  pressures,  in  the  case 
of  an  isentropic  flow. 

The  readings  recorded  on  perforated  tapes  have  been  studied 
by  the  Central  Computing  Department  OPca. 

Test  Results 

The  test. results  are  presented  in  Fig. 71  to  110  as  follows: 
Tests  with  A1  type  flap  (mechanical  flap) 

-  Curves  C25  (C^)  with  1  =  0,  for  Mo=0.10  Fig.71 

-  Curves  Cz  *  C2(Ciri)»  ^2(1)  for  Mo=0.10  : 

with  variable  and  C^=0,  0.02,  O.O6,  O.I9  Fig. 72  to  75 

with  variable  C^  and  =22.5*,  41.5*,  59*  Fig. 76  to  78 

-  Curves  C2(C3j),  C2(Cn,),  Czd)  for  0^=22.5*,  50*,  57.5*; 


with  variable  C 


Mo  =  0.60  Fig.  79  to  81 
Mo  =  0.70  Fig.  82  to  84 
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Mq  =  0.80  Fig.  85  to  87 

-  Curves  Cz  ( )  and  Cu,  (  )  with  natural  circulation  (centri¬ 

fugal  pumping  ,  the  model  being  in  the  same  Internal 
pressure  conditions  as  the  rotor  blade  with  no 

‘blowing)  ,  Fig. 88 

Tosts  with  A2  type  flap  (pneumatic  deflector) 

-  Curves  Cz  (C^)  with  i=0,  for  M^  =  0.10  Fig.91 

-  Curves  Cz  (C^)*  Cz  (Cm)  and  Cz(i)  with  variable 

9,  and  C^  : 

‘i  r 


Mo  =  0.10 

Fig. 92  to  96 

Mo  =  0.50 

Fig. 97  to  99 

Mq  =  0.60 

Fig. 100  ”  lOi 

Mo  =  0.70 

Fig.  103  ”  lOf 

Mo  =  0.80 

Fig. 106  "  10( 

Curves  C^  (C^),Cz  (C^J  and 
(tridimensional  tests) 

Cn,  (C^)  for  Mo=0.80 

Pig. IOC 

Curves  Cx  (^/),Cz  {&■  )  and  C„(^' )  with  natural 
circulation  (centrifugal  pumping) 

Pig.  lie 

Remarks 


Corrections 


The  wall  correction,  in  the  case  of  a  passage  provided 
with  perforated  walls,  cannot  be  determined  correctly  by  means 
of  the  rheo-electrlc-analogy.  Furthermore  it  is  estimated  as 
having  a  comparatively  low  value.  Therefore  no  correction  have 
been  effected  for  the  wall  effect. 


Measuring  accuracy 

Incidence  angle  : 
Lift  coefficient: 
Drag  coefficient: 
Moment  coefficient: 
Mach  number  : 


jZl'  '  sr  0.10“ 

\L'^z\  <  0.005 
<  0.001 

<  G.ooi 

<  0.005 


/. 
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Blovfing  coefficient  C. 


Coef f ic 
determined  in 
stopped.  The 
balance  for  v 
(qc  Vj)  ought 
deviation  vis 
pic  expansion 
that  cross-se 
nozzle. 


lent  k  =  Rj/qjn  Vj  ,  used  ®f  or  computing  v/as 
stationary  state,  l.e,  vjith  the  wind-tunnel 
Jet  react'lon  Rj  was  measured  by  means  of  the 
arlous  blowing  conditions  Qui  Vj.  Curve  Rj 
to  be  linear  with  a  slope  equal  to  unity;  the 
Ible  "in  Fig.70>  is  to  be  Imputed  to  a  non-isentro- 
due  to  lamination  in  the  feeding  duct  between 
ction  in  which  p^j  has  been  measured  and  the 


Comments 

The  compressed  air  required  for  blowing  was  supplied 
under  a  pressure  of  220  Kg/cra^  at  room  temperature.  Before  us 
this  pressure  had  to  be  reduced  down  to  values  varying, 
within  the  model,  from  about  0  to  8  Kg/cra2.  . 

This  expansion  caused  a  cooling  down  of  the  balance, 

•  resulting  in  considerable  temperature  gradients  as  well  as 
thermal  drifts  altering  the  readings  of  the  dynamometers. 

The  behaviour  of  these  drifts  is  not  ’.;oll  known;  thus 
the  corrections  can  be  but  comparatively  coarse,  which  does 
not  permit  figuring  out  the  accuracy  of  the  aerodynamic  coef¬ 
ficient  measuring.  This  explains  the  dispersion  which  may  be 
observed  on  certain  curves  (small  air  loads  in  the  tests 
effected  with  M=0.1). 

In  order  to  reduce  to  a  minimum  the  thermal  drifts  the 
tests  conducted  with  B2  type  fla^t  were  carrled-out  in 
the  following  way; 

Between  every  test-point  the  "•’nd-tunnei  was  stop¬ 
ped  and  a  zero  correction  v/as  effected. 

The  reference  static  pressure  (p^)  tapping  used  for 
determining  the  Mach  number,  was  located  in  the  lower  tank 
of  the  passage,  beneath  the  perforated  wall.  Its  Indications 
were  checked  up  by  detailed  examination  of  the  flow  in  the 
presence  of  the  model.  The  measures  proved  to  be  consistent 
up  to  Hq  =  0.7  ,  whereabove  they  led  to  a  somewhat  too  high 


The  Reynolds  number  of  the  flow,  computed  with  the 
reference  chord  ,  varies  from  800,000  to  4,100,000. 

For  certain  high  values  of  Mq  and  (ij  the  loads  would 
haV2  overcome  the  maximum  acceptable  loads  for  the  balance; 
this  is  why  no  experiment  has  been  effected  at  such  values. 
V.’hen  certain  measuring  points  appeared  as  aberrant,  the  corres¬ 
ponding  curves  have  been  drawn  in  dotted  lines  (tests  effected 
with  M  =  0.1) . 
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For  deviation  O'  =  7.5  (9-  =50*)  with  =0.60,  0.7,  0.8 
a  systematic  positional  anomaly  of  curve  Cg  (l)  with  C  =0 
has  been  observed  (this  anomaly  Is  illustrated  in  Pig. '88). 

Some  anomalies  are  also  to  be  noted  In  PIk.QI  for  -  pn® 
and  In  Pig.  98  for  8;=  17, 5\  </ ' 

A  systematic  study  of  in  function  of  M  and  has 
been  carrled-out  in  a  series  of  additional  tests  (see  further 


DYNAMIC  TESTS 

Particular  Notations 

Readings  of  the  amplitude  of  the  flap  oscillating  angle  : 

1)  5  for  static  tests 

2)  dj  :  for  dynamic  tests 

^ (p)  '  reading  of  the  pressure  amplitude 
Calibrating  coefficients  of  the  resisting  pressure-gauges: 

1)  for  static  tests 

2)  for  dynamic  tests 

^  s  o<  sin  ojt’ 

f  :  frequency 

^  =  -  :  reduced  frequency 

Ap  :  pressure  differential  between  upper  and  lower 
surface 

A  :  phase-shift  Introduced  by  the  response  delay  of 
a  pressure  pick-up. 

if  i  phase  relationship  between  the  local  pressure 

on  the  model  and  the  flap  position. 

Ap  Col 

AaSmv)  '  of  ''^nation  in-phase  and  Inqua- 

T  drature  wltho^. 


:  aerodynamic  derivatives 
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Dimensionless  coefficients  ; 


3±^ 


Object  of  the  dynamic  tests 


two  purpLe^-"^  deflection  of  the  blown  Jet  stream  may  serve 

a)  to  obtain  a  mult Icycllc control  of  the  flap  In  forward 
flight.  In  order  to  make  the  lift  uniform  across  the  disc, 

b)  to  control  the  rotor. 

multlcycllc  jet  deflection,  over 
azimuth,  for  a  forward  speed  of  300  Kra/h:  was  evaluated. 

Its  harmonic  analysis  gives  : 

=  15.4  +  13.8  cos  (-i^t  +  +  10.7  cos  (2c^t  +  Lf^) 

+  0.83  cos  (3-t  +  f J  +  1.1  cos  (4  ^t  +  +  1.0  cos 

(5(^t  +  (f^)  which  leads  to  frequencies  of  the  order  of 
20  to  22  c.p.s. 

Rotor  control  leads  to  somewhat  lower  frequencies  ; 


stick  motion 
rotational  speed 


frequencies 


0.5  to  2  c.piS. 


=  2  TT 

T 


-  ^TT+uj  <  20  c.p.s. 


These  rapid  deflections  can  not  be  considered  as  static 
and  non  stationary  aerodynamic  forces  must  be  Introduced 

The  non  stationary  state  modifies  the  gain  (amplitude)  and 
the  phase  angle  (lag)  of  the  stationary  forces.  ^ 

The  important  factor  for  rotor  control  bein'-  the  aerodvna. 

object  of  the  tests  consists  in  measuring  this  la¬ 
in  blowing  conditions.  i>uiiug  mis  lag 

Apparatus  and  eculDnent 


The  blade  model  was  the  same  as  the  one  used  for  static 
tests.  Its  general  shape  and  dimensions  are  defined  in  Pig. HI. j 
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The  airfoil  chord,  provided  with  a  "  mechanloal " 
reduced  by  10.4  ^  with  respect  to  the  theoretical  airfoil^ 
chord.  The  pivoting  axis  of  the  flap  was  located  1  43^  nn. 
the^^lC-plano  of  the  alrfofl  and  B,.!  f 


Sinusoidal  rotation  of  the  flap  took  place  about  its 
L  2V  f;  The  amplitude  „aa  constant  aL  equal  ?o 

either  side  of  a  nean  angle  of  +  3.25'  (first 
Sting  series)  or  -  2.5*  (second  testing  series). 


cyclesr°  energising  frequency  of  the  flap  was  about  5  to  21 


ting  alonrthrspan^by  ^''slirori  rraS^thl^k  termlna- 

blowing  an  air  Je^  on\h%^ip:er“^i;L“ 


load  weUMngs!'"  “eeurlngs  were  substituted  to 


locaterL^Jhrs:::e:ry"p\\::“ar3V3‘?n‘’'°  = 

fill.niu""'"""  theoretical  eho?d  I  .  iljSO  » 


Operating  Apparatus 


Pressure  pick-up's 


The  pressure  pick-up’s  used  were  OPa  Po  h  + 
ters  with  resisting  gauges.  ’  °  "  '"bnome-| 


13  ahou^loo^y^Is?'^ 


Their  dimensions  are  :  diameter  10  mm,  height  2om. 
The  pressure  pick-up  pipes  had  a  diameter  of  0.8  mm. 


The  pick-up's  were  mounted  differentially  between  the 
inner  and  upper  surfaces  of  the  airfoil. 


tjeasuring  method  and  Means 


The  measuring  method  was  based  on  a  direct  harmonin 
analysis  (multiplying  method). 


The  gauges  of  the  pressure  plck-uD's  worn  fori  „ 

Sinusoidal  current  of  same  frequency  as  the  imparted  mofi^'aL' 

/. 


the  phase  of  which  was  adjustable.  By  multiplying  the  sinu¬ 
soidal  Intensity  of  this  current  by  the  resistance  variation  ■ 
of  same  frequency  undergone  by  the  pick-up's,  a  direct  current 
component  was  obtained  in  the  measuring  diagonal  arms  of  the 
gauge  bridges. 

During  the  test,  the  sinusoidal  current  was  successively 
set  in-phase  and  then  In-quadrature  with  the  flap  motion.  The 
galvanometer  readings  respectively  corresponded  to  the  in-phase 
and  quadrature  components, 

measuring  equipment  is  dlagrammatically  shown  in 
Calibratings 

+.  The  pressure  and  amplitude  calibrating  coefficients  were 
determined  by  static  measurements,  the  gauge  being  fed  with  a 
direct  current: 

4)  ‘  =  Height  of  the  water  column 

Reading  of  the  gauge  manometer. 

=  Reading  of  the  amplitude  of  the  flap 
scanning  angle. 


The  gauge  alternating  current 
tests)  being  different  from  the  gaug 
voltage  (static  tests),  the  pressure 
multiplied  by  the  flap  displacement 
said  readings  being  proportional  to 
feeding  voltages.  The  calibrating  c 
ting  gauge  manometer  permitted  dlrec 
dings  into  pressure  units. 


feeding  voltage  (dynamic 
:e  direct  current  feeding 
'  amplitude  readings  were 
amplitude  readings  ratio, 
the  dynamic  and  static, 
oefflclent  of  the  resis- 
t  translation  of  the  rea- 


k^ff)  ^  ^  »  2pSfhLf 


Use  of  the  results 


by  : 


The  aerodynamic  coefficients  per  angle  unit  are  given 


The  ratio  between  these  two  relations  permits  obtaining 
the  phase-shift  if  betv/een  the  local  pressure  on  the  model 
and  the  deflection  of  the  flap. 
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Test  Results 


The  constant  test  parameters  viere  ; 


-  the  blade  member  incidence  an^le  1=6® 

8  g, 

-  the  flap  angular  stroke  o(  =  12.25® 

-  the  variable  parameters  v;ere  : 

-  the  Mach  number  (  M  =  0.25  and  0.5  ,  =  2.2  x  10^  and 

3.5  X  10^  ) 


-  the  blowing  coefficient  C„  (C^  =  0  to  0.07) 

^  r 

-  the.  flap  deflection  in  mean  oosltion  o<' 

-  the  operating  frequency  of  the  flap  f  (hence  (o  = 


V 


The  tost 
enlisted  in  the 


result  diagramms  (see  Fig. 113  ' o  II9)  which  are 
following  table,  show  the  variations  of 

apd  ^  as  a  function  of  or 
y  /  A 


for  the  various  variable  parameters. 


^0 

n 

Ljg 

Fijurc 

First  test 
run 

Second 
test  run 

+  3.25® 

:3  —  35S  —  —  —  — 

-  2.5® 

0.5 

0.5 

0 

1 

iQI 

0.034/0.062 

m 

0.02/0.05 

0 

5.3 

1 

0.03  3  6 

114 

115 

9.7 

LO  to  20 

0.0620 

0.063  /0.128 

mEBSBBhI 

15.05 

0.096 

116 

0.015/0.04 

21 

1 

0.134 

117 

0.25 

0.025/0.  IOC 
1 

15.05 

118 

21.25 

0.272 

119 

Figures  120,  121  and  122  summarise  the  test  results  effec¬ 
ted  with  or  without  blowing  on  the  flap  upper  surface;  For  the 
tests  with  blowing,  the  selected  values  of  C^,  substantially 
correspond  to  the  saturating  rate  of  the  measured  variables,  the 
lag  reaching  rapidly,  in  function  of  ,  an  asymptotic  value. 


/. 
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Reraarkt 


Corrections 


A  correction  relating  to  the  phase-shift  resulting  from 

So  Plok-up's  has  hoon"e«e"tsd 

uled  ?n  the  sl  similar  pressure  pick-up’s 

used  in  the  same  manner  was  :  I 

-  0.094  f  I 

-  No  wall  correction  has  been  effected.  I 

grcc^uoncy  ran-o 

•  ^  I 

f'v.  noted  that  during  the  first  test  run  the  I 

A  mSSnl■cal“JnoJenSd••''^^^''°'”  ^  approximately, 

rroouoncios.  :L^t‘a='’i 

aboui  ic'and 

To  obtain  high  reduced  frequencies,  a  oarf  of  +hor.fl  +  I 
was  effected,  at.  a  speed  corresponding  to  M  =  0,25.  I 

to  pressure  pick-up’s  was  too  low,  due 

(2  values  of  measured  with  blowing  at  this  speed 

(2  of  the  measuring  range  In  phase  and  0.2  V®*  In  quadrature J 
to  permit  using  the  wind-tunnel  at  a  lower  Mach  numbe?^  M 

Measuring  accurac.v  I 

Calibrating  of  the  frequency-meter  by  means  of  a  low  fre  I 

bllltv  ^  two-curved  oscilloscope  and  the  hi-h  sta¬ 

bility  of  the  speeo  variator  lead  to  a  0.1  cycle  accuraev'^of  the  I  ■ 
frequency  rroasurlng.  accuracy  oi  the  I 

^e  higher  sensitivity  of  the  pressure  measuring  apparatus  '  I 
permitted  (with  a  reading  error  of  one-fourth  of  a^Lale  dlvi 

rrv°.°of  'ilffbrpntlau  of  0.4  mm  watej,  Ue!' 

0.2  /..  of  the  pressure  pick-up’s  noasurlne  range. 

*  aiaplltudo  could  bo  effected  I 
with  an  approximation  of  one-tenth  of  a  deeroe. 

-  Phase  adjustment  :  the  shift  corresponding  to  twlco  the  phase 

error  was  0.5  ?  on  the  tangent  lino.  Thus  the  phaL  err« 
roaches  about  onc-tenth  of  a  degree.  error 

Aerodynamic  coefficient  1/ V  j.vu”*  I 

•  ^hls  coefficient,  which  is  substantially  oonij 

oant  wlt-h  ,  varies  with  the  parameters  and  H.  ^  1 

-  Lith  blowing,  this  coefficient  decreases  as  a  function  of  cj^ 
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(except  for  the  rear  pick-up  at  M  =  0.5  and  -  2,5“). 

It  also  varies  v;ith  and  M. 

The  blowing  has  the  result  of  increas ing  ^ .  The 
value  of  coefficient  in  tjie  various  testing  conditions,  with 


K, 


is  given  hereunder  for  the  pick-up's  1  and  2  : 


ilflu)  C,J  J 

1 

X 

1 

M 

4 

Front  pick-up 

Rear  pick-up 

5.25” 

0.5  • 

0.04 

0.05 

5'.  5 

2.58 

-  2.5“ 

0.5 

0.03 

0.011 

» 

1.87 

2.96 

• 

0.25 

0.07 

0.24 

2.15 

2,2 

Aerodynamic  coefficient  — : 

This  coefficient  increases  with  and  varies  with  o' 

and  M.  ^  ® 

The  blowing  results  in  Increasing  the  value  ot  if  '.P  , 

/ 

The  value  'of  coefficient  K2  wich  is  defined  in  the  same 
manner  as  in  the  various  testing  conditions,  is  given 
hereafter  : 


M 

1 

1 

• 

1 

1 

Fropt  pick-up 

Rear  pick-up 

5.25’ 

0.5 

0.04 

0.05 

11.8 

12 

-2.5* 

0.5 

0.03 

0.11 

1.8 

0.25 

0.07 

0.24 

3.9 

-  13 

T. 
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Phase  if  between  the  local  pressure  on  the  model  and  the 
flap  angular  position  : 


The  building-up  of  the  local  pressure  on  the  model, at  the 
level  of  the  two  pick-up's  used  lags  with  respect  to  the  flap 
displacement. 


The  phase  lag 
M  at  X  /  1  =  0.537; 
be  the  value  of  the 


Increases  with  and  varies  with  0^^ 
it  remains  small  for  =  0,  whatever 
reduced  frequency. 


and 

may 


For  the  rear  pick-up  (x  /  1  =  0.537)  a  slight  phase  advanc 


/T  o  +  1  o  j  r -  V-  /  ^  «  exxgno  pnase  aavani 

^een  observed  *ln  the  following  testing 


~  -  -  2.5*,  M  =  0.25.  However,  since 

the  values  to  be  measured  in  quadrature  in  these  conditions 
were  very  small,  it  is  possible  that  the  measured  phase  advance 
be  a  result  of  possible  unacurracles  in  the  evaluation  of  the 
pick-up  response  delay. 


on  resulting  from  the  blowing 

on  the  flap  upper  surface  is  given  in  the  following  table  in 
the  various  cases  ;  a  xc 


0 

H 

1 

1 

^  if  ^ 

Front  pick-up 

Rear  pick  up 

3.25* 

0.5 

0.04 

0.05 

4 

2.6 

-  2.5" 

0.5 

0.G3 

0.11 

0 

2.1 

0.25 

0.07 

0.24 

11 

9.5 

Conclusive  remarks  pertaining  to  the 
dynamic  tests 


The  main  purpose  of  these 
between  the  local-  pressure  on  the/an 


was  to  measure  the  phase 
study  the  variations  of 


said  phase  under  blowing  upon  the’ flap  .  The  observation  of  the 
measurlnt.  apparatus  has  shown  no  discontinuity  in  the  amplitude 
and  phase  variation  as  a  function  of  the  frequency  and 


In  the  testing  conditions  defined  in  the  report, 
tantlaliy  varies  linearly  as  a  function  of  the  reduced 
with  or  without  blowing. 


^  subs- 
f  requency , 


The  phase-shift  tends  towards  a 
to  be  reached  rapidly  with  the  blowln 
effected  at  M  =  O.5  and  =  -  2.5*. 


limit  value  that  seems 
g,  in  partlculer  for  tes 
It  Is  to  be  noted  that 


ts 


•  • 
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in  this  configuration,  1^  is  practically  independant  from  C  ^  at 
X  /^  =  0.037  for  flap  deflection  frequencies  comprised  between  I5 
and  21  cycles  =  O.O96  and  0.134). 

It  may  be  concli^ded  that  circulation  takes  a  longer  time 
to  reach  an  established  state  in  the  case  of  blowing. 

The  difference  however  does  not  exceed  20  degrees  and  for 
the  practical  application  to  multlcyclic  deflection  and  rotor 
control  there  seems  to  be  no  major;  difficulty. 

ADDITIONAL  TESTS  AND  CORRECTIONS 

-  INDUCED  VELOCITY  CORRECTIONS 


In  the  previous  text  (pages  14  t.o  I8)  and  in  Figures  32  to 
67  were  presented  the  test  procedure  and  the  test  results  obtai 
ned  for  the  three  selected  flap  configurations  at  the  Ch 
Wind-tunnel . 


These 


results  were  presented  wi'thout  aspect  ratio 


correctionfc 


It  is 
corrected 


the  object  of  this  section  to  give  these  same  results 
for  infinite  aspect  ratio. 


These  corrections  were  performed  by  means  of  rheo-electrlc 
analogy  (See  flg„123)  and  take  into  account  the  velocities  indu¬ 
ced  by  the  panels,  the  protecting  plates  and  the  transverse 
boundary  of  the  wind-tunnel  section. 


They  permit  to  evaluate  the  section  angle  of  attack  and  the 
profile  drag  for  an  infinite  aspect  ratio. 

Angle  of  attack 


The 

angle  of  attack  i^. 

f  or 

an 

aspect 

< 

II 

■V 

and 

was  computed  from  / 

-j 

0 

f  or 

0 

every 

( 

• 

Cr! 

ratio  A  = 


00^  defined  by: 
.  See  Fig. 124. 


Induced  drag 


The  induced  drag 
value  of  ^ .££•  J  , 


was  obtained 
See  Fig, 124, 


evaluated  for  every 


In  the  case  of  the  spo lie r  type  deflector  the  tests  were  carried 
out  at  1  =  0  and  the  ^f^^^/.jwas  taken  equal  to  the  deter 
mined  for  the  mechanical  flap  at  of  =  0. 


ows  ; 


The  results  are  presented  in  Fig. 123  to  134  as  foil 


-  Mechanical  flap 


Curves  02(1)  $  Cz  (Cx)  with 

5*.  15*,  57. 5*  and  52.5“ 

for  --  0,  0.09,  0.22  and  O.7O  Pig. 125  to  128 

Pneumatic  flap 

Curves  Cz(l)<  with 

A-  variable  for  C  =  0,  O.O8,  0.22  and  O.8I 
4  Pis. 121  -  152 


-  Spoiler  type  deflector  and  pneumatic  flap 
with  S'  variable 


Fig. 155 


These  results  are  completed  by  Pig. 154  which  gives  the 


variations 

deflectors 

of  C^ 

• 

versus  Fi/p. 

ratio  for 

the 

three  types  of 

Fo 

pressure 

in 

Wind-tunnel 

section 

pressure 

in 

blowing 

box 

V 

• 

• 

ADDITIONAL  TESTS 


(SECOND  TEST  SERIES  IN  S5  Ch  WIND-TUNNEL) 


These  second  series  tests  complete  the  tests  of  the  first 
series  for  1=0  and  variable  M. 

The  results  presented  hereafter  also  incorporate  calibra¬ 
tion  curves  for  C^  (versus  Po  / Pij  ),  for  the  two  test  series 
and  a  study  of  aspect  ratios  for'the  two  types  of  flaps  consi¬ 
dered  (Ai  an  A2 ) . 

Test  procedure.  Apparatus  and  Equipment. 

These  additional  tests  were  carried  out  in  the  same 
conditions  and  with  the  same  blade  model  as  the  first  test  run. 

The  upper  lip  of  the  slit  was  however  thlnned-down 
(see  Pig. 156). 
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In  order  to  reduce  to  a  minimum  the  influence  of  the 
thermic  drifts  mentioned  previously  (see  page  A. 23)  the  tests 
were  performed  as  follows  ; 

-  Measurements  without  blowing  ; 

point  after  point  tests,  l.e.,  after  each  test  the  wind  tunnel 
was  stopped  and  zero  corrections  were  performed. 


-  Measurements  with  blowing  : 

variation  method  :  uninterrupted  operation  of  the  wind-tunnel, 
adjustment  of  the  desired  blowing  conditions  for  every  test 
point  and  measurement  of  the  variations  of  the  aerodynamic 
forces  due  to  blowing  by  sudden  interruption  of  the  latter. 

The  aerodynamic  coefficients  of  the  lift  and  drag  forces  with 
blowing  are  obtained  by  algebraic  sommatlon  of  the  corresponding 
coefficients  without  blowing  and  of  their  variations  due  to 
blowing. 

Aspect  ratios 

The  study 
expression  : 


of  the  compressible  flow  leads  to  consider  the 


A  ^  I  - 


<■  06 


Air  -  yyf 


r 


Const , 


'hi  being  the  slope  of  the  lift  in  compressible  flow,  and 

slope  of  the  lift  in  non-compress ible  flow  of  the  same 
airfoil  for  an  infinite  aspect  ratio. 

This  expression  gives  : 

d/  c 

The  values  of  m  are  given  in  Fig, 145. 

For  the  experimental  results  of  the  first  test  runs  the 
aspect  ratio  is  comprised  between  6  and  7.  The  opening  made  in 
the  central  panel  in  order  to  reach  extreme  values  of  the  raechanicc 
flap  (At  type)  deflections  gave  way  to  a  noticeable  decrease  of 
the  ffCt  slope  (see  Fig. 145). 

e/t 

Test  Results 


The  test  results  are  presented  in  Figures 
as  follows  : 

-  Mechanical  flap  (A^  type) 

(i)  and  lift-drag  curves  without  blowing 
Lift-drag  curves  with  blowing 


135  through  155 


Fig. 135  -  ,1>6 


/. 


fig. 157 
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Pig. 138  -  139 


Cg  and  Cy.  variations’  with  blowing 
Rj  versus  q^j  Vj  curves 


Cyw.  versus 


"Vpi 


for  different  M 


J 


Fig. 140 

Fig. 141  to  144 


Pneumatic  flap  (A2  type) 
d  Cz  curve  versus  A, 

di  (complement  to  1st  test  runs)  Pig. 145 

Variations  of  the  aerodynamic  coefficients  Fig. 146  to  148 

versus  for  i  =  0,  Mq  =  0.2  and  0.5 
and  variable  Oj 

Variation  of  e.  determined  at  Vq~0  versus  Po/p.  Plg,150 
(for  a  constant  pressure  in  boot 


Calibration  curve  for  Oj  versus  pressure 
ratio  Pv  -  Po  in  boot 

Po 

Variation  of  true  deflection  Ol  versus 
©j  determined  at  Vq  =  0  with  variable 

A  ^  and  Mq  (Obtained  by  visualization). 

f 

versus  Po/^j  curves 

^'versus  qm  Vj  curve  • 

versus  Po/Pj^  curves  (complements  to 
first  test  J  run) 


Fig. 150 


Pig. 151 
Pig. 152 
Pig. 153 

Fig. 154  -  155 


/. 


GENERAL  DISCUSSION  OF  THE  TESTS 
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EFFECT  OF  BLOWING  ON  LIFT 

GENERAL 


It  is  proposed  to  examine  in  this  section  the  results  ob¬ 
tained,  first  from  the  point  of  view  of  overall  application  to  Jet 
flap  helicopter  rotors,  following  which  a  detailed  examination  wil 
be  made  of  the  primary  effects. 

« 

The  tests,  were  performed  on  laminar  airfoil  sections  of  11  ^ 
thickness  ratio;  therefore  general  conclusions  relevant  to  the 
blowing  cannot  be  made. 

.  • 

A  laminar  section  was  chosen  in  order  to  obtain  high  Mach 
numbers  for  the  advancing  blade. 

All  airfoil  sections  were  provided  either  with  the  raechaniaa! 
flap,  the  Jet-flap,  or  the  spoiler  type  flap. 

During  the  additional  tests  performed  in  the  S-,  Ch  wind- 
tunnel,  the  thickness  of  the  upper  lip  of  the  blowing  slit  (upper 
surface)  was  reduced.  In  all  cases,  the  lipto  which  the  results 
refer  is  specified. 


APPLICATION  OF  BLOWING  TO  HELICOPTER  ROTORS 

One  of  the  important  factors  is  the  C^  ,  a  non-dimensional 
parameter  for  the  Jet  momentum  referred  to  xhe  value  ; 

(ujr  -f-  Vstn  /  Jr 

It  may  be  noted  that  if  the  intensity  of  blowing  remains  con 
tant  regardless  of  the  blade  azimuth  y/ ,  the  value  of  C^  varies 
to  a  significant  extent  v/lth  ^  .  l 

Thus  in  the  case  of  a  rotor  in  which  all  the  power  is  used 
for  blowing,  then  for  an  advance  ratio  ^  —  0.4,  the  values  of 


For  the  advancing  blade,  the  value  of  C  is  measured  in  hun 
dredths.  ^ 

For  the  retreating  blade,  the  value  of  C  is  measured  in 
tenths  and  seldom  exceeds  1.0.  ' 

For  the  blade  lying  on  the  centerline,  the  value  of  C^ 
fluctuates  around  O.15. 


If  very  little  power  is  devoted  to  blowing  (to  Improve  perfo 
mance  only,  say),  the  values  mentioned  above  may  be  divided  by  10. 
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Should  it  be  desired  to  equalize  blade  lift  at  different  azi¬ 
muths,  or,  better  still,  to  equalize  the  aerodynamic  mo¬ 

ments  at  the  blade  root,  the  local  may  be  defined  as  follows 
in  terms  of  the  rotor's  mean  i 

-  Blade  lying  on  centerline  :  the  local  is  of  the 
same  order  of  magnitude  as  the  rotor's  mean 

-  Advancing  blade  :  1/4  to  l/6th  o-f  the  rotor  s  Cj, 

-  Retreating  blade  :  five  to  ten  times  the  rotor's 

The  Cu  variation  takes  place  in  the  right  direction;  howeve: 
a  9/  jet  deflection  variation  is  necessary,  for  although  the  direc¬ 
tion  of  the  variation  of  C-  is  correct,  it  may  prove  inade'quate 
from  the  amplitude  standpoint.  For  this  reason  the  retreating 
blade  is  associated  to  high  deflections  (  *0’  =  to  60  )  ,  smal 

Mach  numbers  (M4  0.5)  and  high  values 


The  advancing  blade  is*  associa.ted  to  low  values,  high 
Mach  numbers  (0.76  to  0.8)  and  small  values. 

In  cases  where  all  the  power  is  used  for  blowing,. it  is  neces 
sary  to  insure  rotor  control  in  addition  to  equalizing  blade  loads 
and  restoring  the  retreating  blade's  lift,  which  in  turn  implies 
that  such  control  must  remain  effective  in  the  event  of  a  power 
failure.  This  means  that  one  must'  use  flaps  of  substantial  chord 
as  well  as  "natural"  blowing  (the  blade  ducts  act  as  a  centrifugal 

compressor) . 

V.'lnd-Tunnel  Results 


Mechanical  Flaj 


Re  -ion  of  Advancing  Blade 


The  advanc ing 'blade  operates  at  high  Mach  number  (0.7,  0.8)  , 
11  anr-le  of  attacV.  at  low  Cz  (0.4,  -.5)  and  at  a 


at  small  angle  oi  aLT.3n<,  cj 
iwjd  .cowecu  0.0r-’5  and  0,  7- 


The  first  5^  Ch  v/ind-tunnel  tests  give,  for  M  -  0.80.  (Figure 
,  undisturbed  Cz  (i)  curves  for  a  range  of  small  values. 

A  second  test  run  in  the  Ch  wind-tunnel  (Fig.  145  tol55)us  ing 
thinned-down  upper  lip,  provided  results  for  higher  Ou  values. 
Thus,  for  C.  =  0.075.  Cz  =  0.4  is  obtained  for  i  =  2  .  The  (i) 
curve  is  perfectly  straight,  so  that  a  satisfactory  utilization 
margin  is  provided  in  angle  of  attack. 

Re,;ion  with  Blade  on  Centerline 

This  blade  operates  at  a  modei’ate  i-Iach  number  (0.4,  0.6), at 

/  • 
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a  small  a^gle  of  incidence  of  the  order  of  4°  to  5“>  and  with 
a  mean  of  1.0,  the  being  of  the  order’of  1.1§. 

f  ® 

The  results  of  the  second  run  in  the  Ch  wind-tunnel  gave  , 

for  M  =  0.5#  =  0.095#  a  Cz(l)  curve  which  was  perfectly  straight 

for  -3  <  i<4.  'kn  overall  Cz  of  0.6  was  obtained  for  i  =  2®.  For 

a  test  performed  with  a  higher  ,  say  0.15#  14  would  be  Justifia¬ 

ble  to  expect  a  of  the  order  'of  unity. 

The  utilization  margin  is  a  wide  one  and,  here  again,  one  maj 
envisage  a  helicopter  blatie  operating  in  this  zone. 

Region  of  Retreating  Blade 


The  retreating  blade  may  be  said  to  be  demanding  from  the 
standpoint  of  C2  #  ^'  #  Cyu  and  angle  of  incidence.  Orders  of  magni¬ 
tude  for  these  parameters  are  as  follows  : 

=  40®  =  0.6,  0.8  Cz  =  4  to  4.5  for  i  =  6  to  8®. 

The  Mach  number  attains  0.2  to  0.3. 

The  SiCh  wind-tunnel  tests  (Figure  35)  gave  a  maximum  overal 
Cz  of  3.7  for  i  =  10®,  C^  =  0.70  and  ^•=  52.5“  at  Vq  =  15  m/sec. 

In  the  S5  Ch  wind-tunnel  (Figure  71),  and  for  M  =  0.10  at 
1  =  0,  A’ =  59“#  0^  =  0.90,  the  overall  Cz  reaches  4.  For  a  larger 
angle  or  incidence  it  would  be  justifiable  to  expect  a  higher  Cz, 
though  it  will  be  noted  that  the  C2  obtained  is  already  quite 
adequate . 

The  tests  results  are  thus  acceptable  also  for  the  retreatini 
blade  region. 

To  summarize,  the  various  test  results  obtained  for  the 
mechanical  flap  provide  a  good  utilization  envelope  from  the  lift 
standpoint  for  application  to  the  helicopter  with  blown  rotor. 

Deflection  by  Spoiler  type  Deflector 

The  Si  Ch  wind-tunnel  tests  (Figure  46)  gave  Cz  values  which 
did  not  exceed  O.J  for  C^  values  of  up  to  0.4  and  forxa  deflec¬ 
tion  of  32®.  These  results  are  therefore  very  inadequate^ for  the 
blade  requirements  of  a  blown  rotor,  and  high  Cz  values  Would  neces 
sltate  much  larger  C^  values  (which  would  in  turn  call  for  prohibi¬ 
tive  power).  Furthermore,  the  Jet  deflections  measured  in  the 
tunnel  proved  less  than  those  obtained  outside  the  tunnel.  This 
solution  will  therefore  be  rejected  for  the  time  being  Insofar  as 
application  to  a  helicopter  with  blown  rotor  is  concerned. 

This  type  of  deflector  was  envisaged  for  the  case  of  high 
temperature  mixed  flows  (hot  cycle),  though  here  again  the  use  of  a 

/. 
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mechanical  flap  or  a  pneumatic  flap  may  be  envisaged  instead 
of  the  spoiler  type  deflector,  subject  to  certain  technical  pre¬ 
cautions  being  taken  for  which  provision  has  been  made. 

(Yet  another  solution  v/ould  consist  in  not  mixing  the  two 
flows  within  the  blade  and  in  causing  the  hot  flow  layer  to  emerg< 
above  the  cold  layer,  the  latter  alone  aff,ecting  the  flap.  On 
exit  from  the  nozzle,  expansion  of  the  Jet  lowers  its  temperature' 

PReumatic  flap 

Region  of  Advancing  Blade 

The  Ch  wind-tunnel  tests  gave,  for  M  =  0.80  at  =  0.06^ 
(Figure  108”;  C2;(i)  curves  which  are  quite  straight.  By  producing 
the  straight  line  relevant  to  a  Cz  value  of  0.4  Is  obtained 

for  i  =  5,5°.  ^ 

For  M  =  0.70  at  =  O.O7I  (Figure  IO5)  a  Cz  value  of  0.4 
is  obtained  for  i  =  5“- 

For  M  =  0.60,  Q>u,  =  0.087  (Figure  102)  at  9:  =  29“,  a  Cz  value 
of  0.5  is  obtained  for  i  =  3°.  ' 

These  results  are  amply  sufficient  for  application  to  a 
helicopter  with  blown  rotor. 

Region  with  Blade  on  Centerline 

Let  us  revert  to  the  S3  Ch  wind-tunnel  tests  for  M  =  O.50, 

Qju  =  0.12  (Figure  99)*  For  ^'=  27®  and  an  angle  of  incidence 
of  4°,  Cz  =  0.63.  Taking  a  larger  A’  of  the  order  of  40°,  there 
is  every  reason  to  expect  a  Cz  of  close  to  0.9  or  1.0.  The  Cz(l) 
curves  reveal  no  irregularity,  which  leaves  a  wide  angle  of  inci¬ 
dence  margin. 

Region  of  Retreating  Blade 

The  S3  Ch  wind-tunnel  tests  for  M  =  0.10,  C^  =  O.90  (Figure 
94)  give  a  Cz  in  excess  of  3  for  1  =  5“  and  -  50“;  A  Cz  value 
of  4  could  be  obtained  for  a  much  higher  and  consequently  inaccep- 
tablc  C^  value  (1.7  to  1.8). 

The  Si  Ch  wind-tunnel  tests  at  =  I5  m/sec  and  C^  =  O.8I 
(Figure  52)  give,  for  ^  -  48°,  a  maximum  Cz  of  3.6  'for  1  =  10°’. 
(The  constant  slope  of ‘^the  Cz  (i)  curves  should  be  noted).  To 
reach  a  Cz  of  4  to  4.5  for  6-^  48°,  a  C„  of  the  order  of  0.9 
v/ould  be  needed.  ^  ' 

The  tests  results  pertaining  to  the  pneumatic  flap  are  satis¬ 
factory  and  provide  utilization  envelopes,  from  the  lift  standpoint 
revealing  no  irre -lular  it  les .  In  consequence,  this  type  of  flap 
may  be  envisaged  for  use  on  he  helicopter  with  blown  rotor. 


/. 


Note  ;  The  pneumatic  flap's  relative  chord  is  less  than  that  of  tl 
mechanical  flap  (7*^5  %  against  l6.6  5^). 

MACH  INFLUENCE 

In  what  follows,  a  study  will  be  made  of  the  Cz  variations 
in  terms  of  the  Mach  number  for  different  C^i^  values. 

Mechanical  Flap 

Figure  156  shows  the  variations  of  ^  Cz  in  terms  of  C^  fdr 
different  Mach  numbers  and  for  two  test  runs  in  the  S5  Ch  wind- 
tunnel  (first  test  run  made  with  thick  lip,  second  run  with  thin- 
ned-down  lip) . 

The  following  effects  were  observed  : 

at  M  -  0.1,  the  thick  lip  increased  the  lift 

at  M  =  0.8,  the  thick  lip  proved  detrimental 

lip 

at  M  -  0.5  ,  0.6,  the  two  types’  ofTgave  comparable  lift, 

Figure  157glves  the  variations  in  the  overall  in  terms 
of  Mach  number  at  constant  C^.  The  lift  drops  markedly  from 
Mach  0.9  onwards  for  large  C^  values:  for  small  Ci^  values  the 
drop  in  lift  does  not  appear  before  Mach  O.95,  No  account  was 
taken  of  the  results  relevant  to  Mach  O.76,  and  since  no  results 
were  available  for  Mach  values  comprised  between  O.5  and  O.76  the 
curves  were  interpolated. 

Pneumatic  flap 


Figure  159shows  the  evolution  of  the  Cz  in  terms  of  Mach  nural 
for  a  constant  C^  value. 

The  aspect  of  the  curves  resulting  from  measurement  ijiterpo- 
lations  is  somewhat  different  from  that  of  the  curves  pertaining 
to  the  mechanical  flap.  The  drop  in  lift  is  initiated  at  as  low 
as  Mach  O.7  for  =  O.O5. 

For  both  flaps,  the  C^  decreases  as  the  Mach  number  increa¬ 
ses,  the  rate  of  decrease  being  all  the  greater  as  the  C^  value 
is  higher.  ' 

The  question  of  Mach  number  influence  is  dealt  v;ith  more 
specifically  in  the  general  conclusions,  in  conjunction  with  the 
effect  of  the  characteristics  of  the  compressed  air  and  a  study 
of  the  adaptability  range  of  a  deflector. 

Figures  158and  160 show  that  the  drop  in  the  coefficient  of 
lift  Cz  which  accompanies  an  increase  in  the  Mach  number  is  not 
reflected  by  a  drop  in  the  lift,  the  value  of  the  latter  being 
proportional  to  M^C  z» 

/. 
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To  within  a  factor  of  ^*540  ,  the  scale  graduations  are 
proportional  to  the  jet  thrust  and  to  the  blade  lift  C. 

both  being  referred  to  unit  blade  area. 


The  ^bscissae  on  these  figures  are  used  to  represent  the 

'' fjL.  for  different  crane  type  helicopter  projects  and 
for  a  high  speed  helicopter,  respectively. 


vaues  of  C 


The  broken  vertical  lines  indicate  the  specific  adaptabilltj 
limits  envisaged  for  each  deflector. 

The  hatched  zone  is  seldom  exceeded  in  practice,  and  the 
absolute  maximum  value  of  10^  m2  order  of  11. 

In  Figure  158,  the  ordinates  represent  the  variation  ^Cz 
d;ie  to  blowing  alone.  The  solid  flap  effect  is  not  included. - 

In.  Figure  I60,  the  ordinates  represent  the  overall  variatioii 
in  4  Cz  M  ^when  the  deflection  changes  from  A’=  0®  (negative  ‘lift)] 
to  =  22®.  The.  favorable  effect  resulting  Trom  the  solid  ' 

flap  becomes  apparent  when  the  two  graphs  are  compared. 

The  ratio  of  the  thrust  variation  due  to  flap  deflection  to 
the  Jet  thrust,  which  is  of  the  order  of  7  for  mechanlcally-drlvei 
helicopters,  is  of  little  significance  in  the  case  of  Jet-driven 
helicopters  since  the  major  part  of  the  Jet  thrust  serves  to 
propel  the  unblown  parts  of  the  blade. 


INFLUENCE  ON  BOUNDARY  LAYER. SUPERCIRCULATION 
Introduction 


On  the  Cg  (C^  )  curves,  two  regions  will  be  noted  :  one  in 
which  the  C^  values  are  small  and  in  which  the  slope  decreases, 
the  other  extending  from  small  to  big  C„  values,  in  which  the 
slope  varies  very  little.  ' 


These  two  regions  determine  two  flow  re-lraes  : 


/. 
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-  the  first  representing jthe  influence  on  the  boundary 

layer  ^ 

-  the  second  representing  the  supercirculation. 

Expression  for  the  Lift 

The  transition  point  between  these  two  regimes  is  not  clear¬ 
ly  defined  by  the  €2(0^  )  curve.  It  is  proposed  to  place  it  in 
evidence  by  expressing  the  C2  as  follows  : 

•  * 

where  CzCi)  is  the  incidencfe  effect  without  blowing. 


- ^  0(  the  flap  lift  for  a  flap  deflection  0^  , 

the  momentum  coefficient, 
the  jet  deflection 

and  and  K  coefficients  which  it  is  proposed  to  determine. 

To  simplify  the  expression  for  it  is  proposed  to  proceed 
for  1  =  0  and  o(  =  0,  whence 

Cz- 

c  '  9J 


have 


Taking  K.C,,  in  terras  of  in  logarithmic  coordinates,  we 
“  r 


log  K,C^  =  log  K  +  qr,  log  , 

therei)y  providing  an  equation  representing  a  straight  line  of 
slope  having  an  ordinate  value  at  the  origin  of  log  K;  whence  0/^ 
and  K  are  determined.  ^ 

\W 
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Figure  l6l represents  these  straight  lines  for  different  Mach^ 
numbers. 

For  a  given  Mach  number,  two  straight  sections  may  be  noted; 
these  sections  are  of  different  slope  and  different  ordinate  value 
at  the  origin.  Thus  the  two  regimes  are  clearly  dissociated. 

.  I,  A  '^1 


a  =  restoration  of  the  boundary  layer 
b  =  superclrculatlon. 


EMPIRICAL  EXPRESSIONS  FOR  THE  LIFT 


Malavart's  Expression 


The  lift  Is  a  function  only  of  the  blowing  momentum  and 
of  the  orientation  of  thevJ^l'ith  respect  to  the  relative  flow  ; 

This  function  F  (C^  )  can  be  broken  down  into  two  function 

A 

)  representing  the  influence  of  the  jet  on 
^  the  surrounding  fluid 

representing  the  vertical  projection  of 
"  the  jet  reaction. 

The  lift  may  be  expressed  by  : 

where  Cz(i)  is  the  influence  of  incidence  on  the  airfoil  section 
v/ithout  blowin^j, 

4^2.  of  the  lift  on  the  flap  deflected  through  ex'  , 
c/o( 

the  momentum  coefficient, 


and  K 


coefficient  to  be  determined. 
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Determination  of  K 


Assuming  zero  incidence 
as  long  as  remains  small, 

A 


for  given  $4 
the  term 


and  o(  value 
Bin  may  be 


s,  then 
heglected 


The  expression  f or *Cz  may  then  be  written  in  the  form  : 


If  the  variations  in  this  expression  be  plotted  against 
^straight  line  of  slope  K  and  of  ordinate  value  at  the  origin  ' 
-5^  .  -fL-  is  obtained. 


Fig. 162  and  I63  shdw  the  values  of  the  coefficient  K  and  also  the 
flap  lift  slope  for  the  Sx  Ch  and  Ch  wind-tunnel  tests,  for 
different  values  and  at  constant  speed , 

Fpom  this,  the  following  may  be  deduced  : 


a) 


For  different  val 
same  slope  ^ 


ues , 


the  straight  lines  have  the 


K  =  2,88  for  Sx  Ch  tests  and  3.86  for  S5  Ch  tests. 

b)  In  the  zone  of  small  C^  values,  the  values  of  ^^^-deter 
mine  a  curve  which  Joins  onto  the  straight  line  of  ^ 
slope  K.  In  this  zone,  the  slope  is  steep  but  then 
flattens  out  till  it  reaches  the  K  slope  of  the  straight 
line.  This  is  the  zone  of  restoration  of  the  boundary 
layer,  where  flap  efficiency  is  low. 


Influence  of  Incidence  and  Mach  Number 


This  coefficient  K  determined  forzero  incidence  remains  cons¬ 
tant  in  terms  of  \/^  for  different  9^'  values.  With  changing  in¬ 
cidence,  this  property  is  retained  ,  but  the  value  of  K  is  reduced 
while  with  changing  Mach  number  the  coefficient  K  alters  in  terms 
of  for  different  9*  values.  Figurel64  shows  the  evolution 

of  the  coefficient  K  in  terms  of  Mach  number;  the  curves  have  beei 
extrapolated  between  Mach  0<10  and  Mach  O.6O,  due  to  the  fact 
that  no  test  results  in  this  region  were  available. 

/. 


0 


0 
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Conclusion 


The  expression  given  does  not  seem  satisfactory,  as  the 
influence  of  the  parameters  C »  ,  i  ,  M  ,  &:  lead  to  fluctuation! 
in  the  values  of  K.  However this  representation  in  /CV^fonnls 
capable  of  providing,  useful  indications  so  long  as  the  speed  , 
the  Incidence  and  the  values  of  ^ ^  remain  low, 

Spence's  Expression 


Spence's  Theory  leads  to  an  expression  for  the  lift  of  a 
flapless  airfoil • section  with  trailing  edge  blowing  slot  that 
may  be  v/rltten  ■: 


PC  - 

L.-J  —  -  -i.  .i- 


9^ 


W  V 

ine  terms  and  are  series  developments  of  , 

but  which  will  be  restricted  ere  to  the  third  term  only  .  ^ 

Figure l65glves  the  values  of  these  coefficients. 


££2 

9/ 


=  2;r  +  1.152  c 


A 


+  1.106  +  0.051  c,, 

A  f* 


f  ■  >•«  v* 


+  0.325  c.  +  0.156  c, 

r 


3/t 


This  expression  is  valid  for  non-compressible  flows  only. 
Application  to  Test  Results 


This  theory  was  applied  to  the  Cz(i)  curves  pertaining  to 
the  test  results  obtained  from  the  Si  Ch  and  S,  Ch  wind-tunnels. 

On  adding  the  flap  effect  at  zero  incidence  to'^^the  Spence  curves, 
a  comparison  may  be  made  between  the  slopes  of  the  experimental 
curves  and  these  obtained  theoretically. 

Figure  l66shows  this  comparison  made  in  the  case  of  the  Si  Ch 
wind-tunnel  tests.  ^ 


Flguresl67  through  IJOshow  the  comparison  for  the  first  test 
run  in  the  Ch  wind-tunnel. 

Figures  171  through  175 show  the  comparison  for  the  second  test 
run  in  the  wind-tunnel. 

These  lead  to  the  following  conclusions  : 

a)  So  long  as  the  C^  values  remain  small  (zone  of  Influence 
on  the  boundary  layer),  the  slopes  match  even  at  high 
Mach  numbers  (Flguresl65,  166  and  l67j. 

b)  For  higher  C^  values,  of  the  order  of  0.1  (superclrcu- 

latlon) ,  there  is  disparity  between  the  slopes  (Plcures 
171  through  175  ).  V  (5  res 

/. 
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Spence's  theory  agrees  with  the  test  results  so  long  as 
small  values* are  used  (measured  in  hundredths) ; "for  higher 
values  (measured  in  tenths)  this  agreement  vanishes. 


CONCLUSION 


The  results  of  the  wind-tunnel  tests  made  on  models  equipped 
with  a  mechanical  or  a  pneumatic  flap  show  that  there  is  adequate 
lift  in  the  of  the  advancing  blade,  the  centerline  and  the 

retreating  blade^ence  make  it  possible  to  envisage  the  use  of 
such  deflector  devldes  on  a  helicopter  rotors  provided  even 
with  partial  blowing  only. 
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EFFECT  OF  BLOWING  ON  DRAG 


INTRODUCTION 


Let  us  designate  by  Cx^  the  horizontal  component  of  the  drag 
coefficient  measured  with  blowing  and  mark  it  off  on  the  coeffi¬ 
cient  of  drag  Cx  .  .  ‘ 

« 

This  component  is  propuLsive  and  hence  negative  in  the  case 
of  .  et-flapped,  jet-driven  helicopters.  It  is  zero  in  the 'case 
of  a  rotor  provided  with  suitable  mechanical  assistance  to  drive 
the  unblown  part  of  the  blades.  In  such  cases,  the  blown  airfoil 
sections  are  sel-propulsive .  The  component  is  positive  in  the 
case  of  a  mechanically-driven  helicopter  rotor  provided  with 
c omplemfentary  blowing^  or  utilizing  centrifugal  circulation  of  the 
air  in  the  blades  to  supply  the  ejection  slits; 

• 

•To  estimate  the  effect  of  the  blowing  on  the  lift/drag  ratio 
of  a  jet-flapped  blade  it  is  convenient  to  plot  lift/drag  curves 
in  wh_ch  the  expression  Cx^  =  Cyu  +  Cx^  ,  v/here  C^c  represents  a 
conventional  drag.  In  this  way,  practical  lift/drag  curves  may 
be  obtained  enabling  performance  calculations  to  be  made  on  the 
basis  of  the  jet  thrust  without  resorting  to  calculations  into 
which  the  jet  deflect  ion  enters . 

EFFECT  OF  BLOWING  ^PNEUMATICFLAP) 

Figure  176  gives  an  example  of  a  practical  lift/drag  curve 
(curve  I).  This  lift/drag  curve  is  obtained  by  offsetting  the 
lift/drag  curve  with  blowing  in  a  positive  direction  by  the  value 


The  effect  of  the  blowing  ,  in  the  case  of  a  small  jet  defies 
tion  ^•=  4®,  improves  the  lift/drag  curve  as  compared  to  the 
lift/dra^  curve  without  blov/ing,  even  in  the  case  where  only  light 
blowing  is  used  (curve  II)  (C^  =  G.08). 

Figure  177,  which  is  complementary  to  Figure  17(ishows,  expres¬ 
sed  as  a  percentage  of  the  drag  without  blowin^  ,  the  evolution 
in  the  improvement  derived  from  the  drag  due  to  the  blowing, 

JET  DRIVEN  ROTOR  CONTROLLED  BY  JET-FLAPS 

Schematic  Example  of  the  Aerodynamic  Behav  j  our  cfr.  m  t-h  Speed 
Ho.l2cop^.er  Rotor  Controlled  by  Jot-Flaps,  in  accordance  with  a 
periodic  pattern  of  Jot  dcilccnion  whereby  the  thrust  is  maintai¬ 
ned  constant  in  all  azimuths. 

Speed  :  p40  k.p.h.  Tip  speed  :  200  m/sec  =  co/^ 

(Slit  located  at  r  =  O.7  to  r  1). 
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The  table  below  gives,  for  r  =  0.8  ,  the  azimuthal  evolution 

of  C-  for  a  constant  air  load  : 

2 


Blade 

Advancing 

Centerline 

Retreating 

Remarks 

Mach  Number  M 

0.75 

0.47 

0.192 

V 

0.067 

0.17 

1.01 

10^  , 

3.75 

3.75  ' 

5.75 

Jet  thrust 
is  constant 

Cz 

0.196 

0.5 

3 

Constant  lif 

10^  M^  C2 

11 

■ 

11 

11 

• 

Optimum  Conditions  for  Aerodynamic  Adaptation 

Based  on  Figures  180  to  l86  ,  Figures  178and  179  shovr  the 
]_ift/.drag  curves  relevant  to  the  blade  elements  at  T  =  0.8  as  they 
cross  the  principal  azimuth  regions  (advancing  blade,  centerline, 
retreating  blade),  for  the  case  of  the  mechanical  and  pneumatic 
flaps  .respectively  and  jet  driven  rotors. 

It  will  be  seen  that,  for  the  values  indicated  in  the 

table  and  for  Cm,  values  close  to  those  indicated  in  the  table, 
the  conventional  coefficient  oi  drag  ^Xc  ~  +  C^  is  near  of  its 

minimum  both  with  the  mechanical  flap  and  the  pneumatic  flap. 

The  conventional  drag  of  the  pneumatic  flap  is  distinctly 
less  than  that  of  the  mechanical  flap  particularly  for  large 
values.  This  can  be  ascribed  to  the  following  : 

a)  Smaller  relative  chord  of  pneumatic  flap  : 

07  instead  of  O.I6  ,  ' 
is  the  flap  chord,  and 
the  blade  chord. 

eformation  of  the  trailing  eage,  causing  uniform 
n  of  the  flap  frame  curvature  in  the  case  of 
at  1 c  flap. 

r.  Jet  deflection  is  obtained  by  a  swelling  of 
s  upper  surface.  On  the  other  hand  Jn  the  case 
chanical  flap,  the  break  caused  by  flap  deflec- 
cts  the  dra... 

/• 


<y/  -  Q 

k 

where 

f 

b)  Elastic  d 
alterat  io 
the  pneum 
More vove 
the  flap' 
of  the  me 
tion  affe 


CASE  OF  CONVENTIONAL  CYCLIC  CONTROL  (  constant) 

f 

Control  via  serves  only  to  modify  the  lift. 

Cyclic  control  can  be  obtained  by  tilting  the  hub,  the  pitch 
remaining  fixed.  (Direct  control). 

* 

Figures  I80a and  l80b give  the  lift/drag  curves  for  an  aspect 
ratio  of  6. 

In  order  to  estimate-the  profile  drag  Cx^  to  be  used  in 
rotor  draft  project  calculations,  the  lift/drag  curve  for  an  aspec 
ratio  of  6  has  been  plotted  (C^^*  =  induced  drag). 


Crcp  varies  between  the  following  values,  for  the  pneumatic 
‘and  mechanical  flaps  respectively  : 


Cz 

Conventional  drag 

Mechanical  flap 

Pneumatic 

flap 

0 

0.025 

0.01 

1.8 

0  «  A  A 

0.055 

0.05 

The  value  of  Cx»at  zero  lift  (Cg  =  0)  is  very  high  in  the 
case  of  the  mechanical  flap  due  to  the  fact  the  latter  is  deflectec 
upward  through  19*. 

CASE  OF  SELF-PROPULSION  (Helicopter  with  mixed  power  drive) 

The  lift/drag  curve  0,  A,  B,  C,  D,  in  Figurel8l( curve  I), 
applying  to  the  mechanical  flap,  produces  Junctions  between  sectior 
of  lift/drag  curves  plotted  for  (^‘values  increasing  from  15*  to 
52,5  *  when  increases  from  0.8  to  5. 

Curve  III  gives,  by  way  of  indication,  the  evolution  in  the 
incidence  i  (aspect  ratio  6}  for  each  lift/drag  curve  section. 

Curve  II  gives,  for  comparison  purpose,  the  improved  lift/drfi 
curve  in  the  case  of  the  pneumatic  flap. 

Curves  IV  and  V  give,  for  the  mechanical  tnd  the  pneumatic 
flaps  respectively,  the  profile  drag  value  Cy  to  be  adopted  in  ca! 
culatior.s,  compared  to  the  Induced  lift/drag  curve  for  an  aspect 
Remarks  :  ratio  of  6, 


a)  The  lift/drag  curve  is  applicable  to  all  blade  positions. 


A .  i)  0 


from  advancing  blade  (zone  OA),  through  hovering  and 
ascending  flight  (zone  A  B)  to  retreating  blade  (zone  E  D 

b)  For  large  values  of  Cz,  self-propulsion  results  in  less 
favorable  aerod-ynamic  adaptability  than  propulsion 
(Figure'  178  and  I79) . 


LIFT/DRAG  CURVE,  AT  ZERO  INCIDENCE  AND  VARIABLE  Oj. 

Fig,  182  .  .gives  the  lift/drag  curves  plotted  for  i  =  0  by 
.suitably  varying  Qj  and  . 

r 

Curve  I  relates  to  the  mechanical  flap  and  curve  II  to  the 
pneumatic  flap. 

Curves  III  and  IV  give  the  practical  drag  coefficients  Cx 
to  be  adopted  for -draft  project  calculations  in  the  case  of  mec^Ta 
nical  and  pneumatic  flaps  respectively. 


INFLUENCE  OF  MACH  NUMBER 

Mach  Number  Belov;  0.5  (Pneumatic  flap) 

The  lift/drag  curve  plotted  in  Fig. 183  for  Mach  C.5  is  comps 
rable  to  the  preceding  lift/drag  curves  from  the  practical  profile 
drag  standpoint.  The  tests  were  performed  in  the  S-t  Ch  wind- 
tunnel  with  pneumatic  flap.  ^ 

This  lift/drag  curve  relates  to  the  blade  as  it  crosses  the 
centerl ine . 

Mach  Number  in  Excess  of  0.8  (Pneumatic  Flap) 

The  graph  in  Figure  l84compares  the  lift/drag  curves  for  the 
blown  blade  (curves  for  the  blown  blade --continuous  lines-.and 
the  unblown  blade --broken  lines).  The  coefficient  0^  dra '  is 
lower  with  blowing  than  wltliout.  In  the  lifo/drag  curve  relevant 
to  the  unblown  blade,  the  Cz  max  diminishes  as  M  increases  while 
in  the  case  of  the  1  if t/drag  curve  with  blowing,  the  Cz  continues 
to  increase.  For  Cz  =  0.2  in  the  case  of  the  advancing  blade, 
fi^creases  with  M  as  shown  belov;  ; 


0.5 

0 . 6 

0.7 

0.8 

0.012 

0.013 

0.017 

0.021 

the  Cy 

gain  is  li. 

in  favor 

of  blowing. 

/. 


OPTIMUM  COMBINATION  OF  AIRFOIL  INCIDENCE  1  AND 
. JET-FLAP  DEFLECTION  IN  THE  CASE  OF  THE  ADVANCING 
BLADE  (Pneumatic  flap^) 

Usefulness  of  Deflection 

High  Mach  number  tests  on  Jet-flappcd  airfoils  have  shown  thi 
in  order  to  set  back  the  critical  Mach  number,  it  is  preferable 
to  operate  at  a  low  incidence  i  and  an  appropriate  flap  deflec¬ 
tion  A'.  This  deflection,  however,  must  not  be  excessive.  This 
question  will  now  be  examined  . 

i 

Figures l85and 186  relating  to  the  pneumatic  flap  give,  in 
terms  of  ,  the  evolution  in  the  conventional  profile  drag 

coefficient  (  <4  =  6),  for  different  values  of  M 

and  and  for  =  0*2. 

The  Mach  number  value  M  =  0.3  relates  to  the  tip  of  the 
advancing  blade  (Fi'"  .iCg  )  while  M  =  0.6  is  relevant  to  the  blade 
section  at  r  =  0.75  iFifure  186)  . 

Clearly,  there  is  every  reason  to  choose  the  combination 
giving  minimum  values  for  . 

Tip  of  Advancing  Blade 

In  the  case  of  the  tip  of  the  advancing  blade,  jt  will  be 
scon  it  would  be  appropriate  to  choose  i  close  to  2®  and  A'  inclu¬ 
ded  between  5®  and  10®.  The  deflection  A*  =  20°  is  excessive. 

(f 

Flap  Adapta'cion 

The  pr^eumatic  flap  in  the  tests  was  studied  to  simulate  a 
mechanically-driven.  Jet-flap-assisted  helicopter  rotor  having 
•narrow  slits  in  view  of  the  small  extent  of  blowing  used.  Since 
the  clots  v.'cro  of  small  depth  the  pressure  ratio  was  too  high  to 
permi’t  transoos  1 11  on  to  the  case  of  jet-driven  rotors  through 
vrhlch  lar'-e  adiabatic  oower  streams  in  the  form  of  compressed  air. 
(The  air  oressure  ratio  ac  tained  b) .  I 

Jet  Stall  (See  also  "General  Conclusions" 


It  may  oe  useful  to  note  the  ooints  at  which  jet  stall  takes 
place;  these  are  designated  by  the  letters  E  (Fij^.l85  )•  Stall 
occurs  at  hi. her  pressure  ratios  when  the  deflect  ion  A' decreases , 
duo  to  the  fact  that  the  radius  of  curvature  of  the  guiding  sur¬ 
face  increases  (4  <  /^//  <  6). 

'To 

Despite  the  fact  that  the  pneumatic  flap  was  not  adapted  to 
the  jet-driven  rotors,  its  functioninj  characteristics  from  the 
drag  point  of  view  remain  acceptable ^ 
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Section  at  r  =  O.75 

Figure  186 shows  that  the  best  combination  t-ls 


0  <  i  4.  1,5' 


16“  <  21“ . 


+  /  denectlon  A*  =  29“  remains  permissible  despite  the  fact 

that  Is  Introduces  drag  due  to  the  flap  deflection. 

Increment J^crelatlve  to  the  unblown  airfoil  section 

The  optimum  Is  obtained  for  C  =0.04 

•  • 

0.002  <  <  0.003 

5  ?  <  -i  7,5  ^ 

This  relative  advantage  will  affect  the  power. 


PROPULSIVE  EFFECT. OF  BLOWN  PART  OF  BLADE  TIP 
Influence  of  silt  depth 

interesting  to  examine,  for  the  particular  case  of  thel 
deflectors  envisaged,  the  propulsive  effect  of  the  Jet  emerging 

thP^hl^^H  silts.  The  Jet  takes  up  only  the  out-er  part  of 

the  blade  radius  and  should  In  general  contribute  to  propulsion 

driven  rotors?  sections,  particularly  in  the  case  of  Jet- 

relative  depth  of  the  slit  will  depend  upon  the 

design,  where  y  is  the  slit  depth  and  ^  the  airfoil 

0.43j^  was  chosen  for  the  tests,  as  this  seemed  a  reas 
ble  oormomlse  value  between  the  case  of  a  mechanically-driven  helicop¬ 
ter  and  that  of  a  Jet-driven  one. 

Net  drag  of  a  Jet-driven  helicopter  blade  airfoil 
section  ~  - - - - - - 

results  and  for  different  azimuthal  blade 
positions  and  corresponding  values  for  the  parameters  C.,  f/  i 
Cz  and  Mach  number,  the  drag  coefficients  and  the  net  d^ar^ 


Ar  ^  A.  -  -‘“U  X  J.C110S  ana  tne  net  drag 

Y  In  order  to  show  that  a  gain  Is 

obtained  whiefi  is  capable  of  propelling  the  unblown  part  of  the 


Advancing  blade 
M  =  0.8 
(See  Figure  187,  curve  I 


=  0.075 


6^  -  2^.5' 


1  =  2' 


Cz  =  0.4 
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The  due  to  blowing  is  equal  to  -  0.072. 

is  negative,  showing  that  the  section  is  propulsive. 


The  quantity  Cos  is  also  negative  (-  0.005);  thus  ■ 
a  gain  is  obtained  which  contriDutes  to  propelling  the  unblown  pant 
of  the  blade. 


Blade  over  centerline  (Figure  l37,curve  II) . 

M  =  0.05  =  0.095  22,5*  i  =  4"  =  0.60 

is  again  negative  (-  0.085). 

^  =  +  0.007,  the  net  drag,  is  positive.  In  this 

case  the  section  is  not  propulsive,  so  that  it  would  be  necessary 
to  increase  the  slit  depth  in  the  proportion 

=  0.0077  =  0.0812 

0.095 

The  slit  depth  would  therefore  to  be  1.65  nim  instead  of 
1.5  mm. 


=  0.89  ^•=  50' 


Retreating  blade  (Figure  188) 

M.=  0.1 

r 

Cz  =  2.84  at  i  =  0  . 

=  -  0.585 

+  C yu  Cos^*  =  -  0.015»  thereby  providing  a  notable  gain 


To  conclude,  it  may  be  said  tl^t^  l^ihe  case  of  a  high¬ 
speed,  Jet-driven  helicopter  Utilizing/over  part  of  the  blade, 
a  negative  net  drag  A  ^  6)^'  will  be  obtained  for  certain 

azimuthal  positions  which  will  contribute  to  propelling  the  un¬ 
blown  part  of  the  blade. 


JET  THRUST  RECOVERY 


Definition 


The  concept  of  Jet  thrust  recovery  is 
of  the  net  reduction  in  drag  resulting  from 
intensity  of  the  blowing  (denoted  by  ): 


e  =  - 


AC, 


km 


defined  as  the  ratio 
the  blowing  to  the 


/. 


Conventionally,  the  value  of  is  obtained  by  substracJ 

ting,  from  the  drag  variation  measured  on  the  balance  (with 

and  without  blowing),  the  induced  drag  resulting  from  the  increa¬ 
sed  lift  due  to  super-circulation  : 

^  4  ' 

The  value  of  the  lift/drag  curve  coefficient 

appertains  to  the  aspect  ratio  used  for  the  test  without  blowing 

(>4  =  6). 

This  defines  a  pseudo  blowing  efficiency  (/  +  ^)  ,  which 
is  the  ratio  of  the  useful  Jet  thrust  to  the  real  jet  thrust 

that  would  be  furnished  by  a  conventional  nozzle  insuring  the 
same  fluid  momentum  but  not  serving  for  blowing  purposes. 

In  the  calculation  pertaining  to  rotor  driving  torque,  the 
useful  thrust  will  be  given  by  the  relation  : 

where  AS  Is  the  blade  element  of  aera  S  affected  by  the  blowin 
and 

Vj  the  local  aerodynamic  velocity. 

The  pseudo  efficiency  is  in  certain  cases  greater  than 
unity,  in  particular  for  =  0,  due  to  the  fact  that  the  blowing 
reduces  the  profile  drag,  ^ 

Zero  Incidence 

For  the  sake  of  simplicity,  it  is  advisable  to  examine 
the  case  of  zero  incidence  (  i  =  0)  when  plotting  the  evolution 
of  the  pseudo  blowing  efficiency  (  /+e)  in  terms  of  .  In 
general,  this  particular  case  is  at  variance  with  the  actual  op¬ 
timum  conditions  of  adaptation. 

Figure  189 »  based  on  the  test  run  made  with  the  mechanical 
and  the  pneumatic  flaps  in  the  S5  Ch  wind-tunnel,  shows  the  evo¬ 
lution  of  (/+e)  for  different  Mach  numbers  over  a  range  of 
values,  for  the  advancing  blades  (0.5  ^  M  <  0.8  and  0.01  ^  C^^O.OO 
and  the  blades  crossing  the  centerline  (0.2  ^  M  <  O.5  and  0.01  < 

0.20). 

r 

According  to  this  graph  ,  the  pseudo  efficiency  (/+^)  is 
not  affected  by  high  Mach  numbers,  particularly  in  the  case  of 
M=  0.8  (This  is  the  well  known  favorable  effect  of  blowing  on 
the  drag  critical  Mach  number), 

/. 
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Again  according  to  this  graph,  the  pseudo  ef  f  ic  iency  (^1  +6) 
varies  between  0.9  and  1.0  for  the  mechanical  flap  and  reaches 
1.05  for  the  pneumatic  flap. 

Optimum  adaptation 

The  Si  Ch  wind-tunnel  test  results  (M  =  0.1)  were  used  trans 
posed  for  infinite  aspect  ratio,  thereby  simplifying  calculations 
since  there  is  then  no  call  to  introduce  the  induced  drag.  The 
evolution  in  the  pseudo  efficiency  (1  +  e)  for  the  complete  range 
of  Cw  values  was  established  for  both  pneumatic  and  mechanical 
flaps  (Figures  190  and  191 ,  respectivelyf  ) . 

Since  the  tests  were  performed  at  a  low  Mach  number,  the 
graphs  do  not  apply  to  the  advancing  blade  under  transonic  con¬ 
ditions  and  are  especially  relevant  to  the  retreating  blade. 

For  this  latter  blade,  the  (^|  +£•)  values  are  as  follows  : 


Flap 

Mechanical 

Pneumatic 

1  +e 

0.98 

1.02 

The  upper  curves  give  the  best  Incidence  i  and  jet  deflec¬ 
tion  9j  combinations  in  terms  of  C ^  capable  of  giving  these 
results.  ' 

OPTIMUM  1  AND  dj  COMBINATION  FOR  A  FIXED  V/ING 
(aspect  ratio  Tj 

Figure  iSOdeflnes  such  a  combination,  which  may  serve  for 
guidance  purposes  when  seeking  optimum  adaptation  to  a  fixed 
aircraft  wing. 

In  the  case  of  a  helicopter  rotor,  the  optimum  adaptation 
referred  to  before  (  =  *=0  )  differs  from  this.  Evidently,  the 

rotor's  Induced  drag  will  have  to  be  taker,  into  account. 


CONCLUSION 

-  Use  of  Jet-flaps  at  the  trailing  edge  of  lifting  air¬ 
foils  provide  improved  profile  drag. 


-  On  the  other  hand,  the  propulsive  component  of  the  Jet 
Is  reduced  in  the  proportion  cos  . 

-  Deflection  of  t.ic  flap  may  also  -.Ive  rise  to  an  additional 

/. 
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profile  drag  due  to  the  break  in  the  flap,  particularly  in  the 
case  of  the  mechanical  type. 

Simple  rules  are  first  proposed  to  permit  rapid  performance 
estimates  to  be  made  without  laborious -calculations . 

The  power  supplied  to  the  rotor  is  assumed  to  be  that  suppli<  d 
by  the  non-def lected  Jet. 

In  order  to  take  due  account  of  the  effects  discussed, above, 
an  imaginary  profile  drag  varying  with  the  Cz  is  proposed  for  each 
type  of  rotor  and  defined  for  each  of  the  following  particular 
cases  } 

-  Mechanically  driven  helicopter  with  partial  blowing  but 
Jet-flap  control 

Pig. I80a  -  mechanical  flap 

Fig.lSOb  -  Jet-flap. 

The  profile  drag  coefficient  for  an  infinite  aspect 
ratio  is  obtained  by  measuring  the  difference  between  the 
absclsse  on  lift/drag  curves  I  and  II. 

-  Mixed-drive  helicopter 

The  profile  drag  coefficient  Cx-  is  given  in  Figure  l8l 
by  curve  IV  for  the  mechanical  Tlap  and  curve  V  for  the 
pneumatic  flap. 

-  Jet  driven  helicopters  (Pig. 182). 

Curves  III  and  IV  give  the  coefficient  Cy-  for  the  mechanl 
cal  flap  and  the  pneumatic  flap  respectively. 

In  the  case  of  the  advancing  blades,  due  account  must 
be  taken  of  the  favorable  effect  provided  by  blowing  on 
the  critical  Mach  number  (Pigure]84) ,  The  optimum  Incident 
and  Jet  deflection  combinations  are  given  in  Plgures]85and 


In  the  case  of  rotors  equipping  high  speed  helicopters  , 
the  prowerful  effect  of  the  blowing  results  in  optimum 
utilization  being  made,  with  maximum  benefit  derived  from 
the  blowing  (Plgurel78andl79)  • 

Another  way  of  looking  at  the  question  is  that  whereby, 
in  the  calculations,  the  profile  drag  is  adopted  without  blowing  a 
a  pseudo  efficiency  factor  /y-f  (which  may  be  greater  than  unity) 
is  applied  to  the  Jet  thrust, 

/. 
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Figures  189,190  and  191  give,  in  terms  of  0^  ,  and  for 
different  Mach \numbers ,  the  evolution  in  the  pseudo  efficiency 
/ +e  (which  varies  from  O.90  to  1,0  in  the  case  of  the  mechani¬ 
cal  flap  and  from  O.9O  to  1.1  in  that  of  the  pneumatic  flap). 

Comparison  between  mechanical  flap  and  pneumatic  flap 

The  pneumatic  flap  has  a  shorter  chord  length  and  the  defor 
mation  of  its  trailing  edge  is  progessive;  this  explains  why  its 
profile  drag  is  lower  than  that  of  a  conventional  flap  and  its 
pseudo  efficiency  higher. 


PRACTICAL  TEST  CONCLUSIONS 
ANALYSIS  OP  TEST  RESULTS 


An  analysis  of  the  test  results  has  shown  that,  over  a  limi 
ted  working  range  (moderate  Mach  number  and  C^  values),  it  is 
possible  to  apply  certain  theories  to  the  tangentially  blown 
flaps . 


The  theory,  however,  takes  no  account  of  the  Influence  of 
the  Mach  number  and  the  fluid  characteristics.  This  will  be 
discussed  in  detail  in  what  follows. 

INFLUENCE  OF  BLOWING-FLOW  CHARACTERISTICS 

Influence  of  pressure  ratio  pi 

All  three  types  of  deflector  are  based  on  a  well-known 
principle  : 


A  fluid  layer  meeting  a  convex  cylindrical  surface  tangen¬ 
tially  will,  under  certain  conditions  defined  below,  follow  the 
cylinder  wall  and  leave  it  after  sustaining  a  certain  deflection 


I£  the  ratio  of  the  ejection  slit  width  to  the  cylin¬ 

drical  leading  edge  radius  of  curvature  li\j  exceeds  a  certain  valu 
which  depends  upon  the  characteristics  or  the  fluid  supplying 
the  slits,  the  Jet  splits  (stalls)  and  no  longer  follows  the 
cylindrical  surface. 


Curve  I  in  Figure  195 
rature  of  15“C  and  for  diffe 
maximum  permissible  value  of 
splitting  does  not  occur. 


gives,  for  compressed  air  at 
rent  air  pressure  ratios  pi 
.  to  insure  that 


a  tempe- 
,  the 


Influence  of  compressed  air  temperature 


In  applications  to  real  helicopter 
compressors,  the  air  temperature  is  high 


rotors  suoplied 
(T  =  ISCC,  for 


by  air 
PI  =5.8(] 


fhp  i""  report,  howev 

S  -  ^S-  c7"'’^  blade  plenum  chamber  was  of  t^e  ordl! 

(-inn  v!/®  compressed  air  was  stored  in  high  pressure  reservoirs 
poo  Kg/sq.cm)  close  to  the  wind  tunnel  and  was  subsequently 
decompressed  to  a  working  pressure  of  1.2 <  pj  <  7. 

By  reason  of  time  schedule  it  was  not  possible  to  supnle 
ment  this  specially  rigged  installation  with  a  heatL'  syste^ 
for  the  decompressed  air.  system 

+  V,  f  Instead  of  hot  air  in  no  way  affects  I 

pe  validity  of  the  tests,  the  coefficient  C.  being  def^ne^ 
by  the  measured  Jet  thrust  P.  :  ^  h  i  inea 

J 

Fj  =  q  S 

where  S  is  the  area  of  the  model  and 

q  the  dynamic  wind  pressure  in  the  tunnel, 

V,.  u  bhe  use  of  icy  air  brings  ne^trer  the  point  at 

which  the  pminar  layer  is  transformed  into  a  turbulent  layer 
owing  to  the  reduced  coefficient  of  kinematic  viscosity.  ' 

Thus  in  the  case  of  air  at  -  50“  C,  and  for  a  let-flan 

f  irwhi^h 

as  .LI  TLiyiLZ 


®j  compared  to  theoretical  deflection  Oj 

Case  of  zero  wind  =  0 

For  deflection  ranging  from  0  to  55®.  the  real 

is  equal  to  the  geometrloal  deflection.  Irrespective  of “hat  the 
pressure  ratio  may  be  between  1.2  and  4.  ^ 

For  a  subcrltical  pressure  ratio  m  —  i  fl  i  j 

(F^uri  ‘he  ,co„e.Fo  trUai  defle"?Jof  ° 

Influence  of  wind  velocity  Vn 

Wind  velocity,  even  when  moderate  (M=,0.1).  provokes  a 
notable  reduction  in  the  deflection  ;  '  ^  ^  ^ 

ej  =  20“  for  9-=  40“  (with  1.75 

ej  =  10“  for  =  40“  (at  fl  =  1.25). 

Increasinc  the  wind  velocity  bevond  M  -  n  i  v,« 
marked  effect  on  the  real  deflection?  ’ 

/  • 
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For  example,  for  M  =  0.8, 

0;=  12®  for  &t=  40®  (for  li  =  5  and  -  4.55) 

^  «  Po  Pk 

where  to  Is  measured  relative  to  the  surrounding  atmosphere, 

and  is  measured  relative  to  the  wind  in  the  tunnel  test 

section. 

For  M  =  0.5  and  0.  =  40®,  Oj  decreases  from  22°  to  12® 
when  P'/is  decreases  from  3  to  1.25  (with  f*/f  decreasing  from 
3.45  to  1.44).  '' 

As  anticipated,  for  =  4  and  =  4.63,  the  deflection 
diminishes  suddenly,  due  to  jet  stall,  and  drops  to  the  value 

aj.  =  12®. 

This  systematic  reduction  in  the  Jet  deflection  depends 
essentially  upon  deflector  compatibility  and  utilization  spec¬ 
trum. 

DEFLECTOR  MATCHING  AND  UTILIZATION  SPECTRUM 
Pneumatic  flap  matching 

The  Jet-flap  tested  had  been  more  specifically  matched  to  suit 
mechanically  driven  helicopters  providing  blowing  assistance 
(low  pressure  ratio  :  1.6<^<2;  low  mass  flow;  low  Cm  ). 

The  aim  was  to  obtain  a  high  value  for  low  values 

This  aim  was  fully  achieved  by  taking  the  following  precaution  : 

The  deflecting  surface  consisted  of  a  sheet-metal  cylinder 
of  radius  R.  terminating  in  a  trailing  edge  surface  of  small 
curvature  forming  a  solid  flap.  Total  relative  chord  of  the 
deflecting  surface  was  7,45  ^  of  the  airfoil's  theoretical  chord 

The  measurements  were  pursued  up  to  high  pressure  ratios 
(  ^  =  6)  and  high  C^  values  accompanying  high  M  values,  the 
aim  being  to  study  the  effect  of  anticipated  Jet  stall 
in  the  region  of  =  4. 

The  test  results  given  later  show  that  the  blowing  effect 
passes  through  a  maximum  for  the  pressure  ratio  corresponding 
to  Jet  stall  and  then  gradually  diminishes. 

Principle  of  deflector  matching 

Technological  possibilities 

In  the  case  of  high  pressure  ratios  it  is  necessary  to 
Increase  the  flap  leading  edge  radius  R.  and,  if  necessary, 
reduce  the  length  of  the  rear  part  of  the  flap,  thereby  enabling 

/. 
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the  same  relative  chord  to  be  retained.  It  is  Jn  general  prefe¬ 
rable  to  Increase  the  flap »chord  to  over  7  %.  It  would  be  pos¬ 
sible  to  go  up  to  l6  %  (relative  chord  of  mechanical  flap)  should 
it  be  desired  to  increase  control  efficay. 

Matching  calculations 

It  will  be  required  to  calculate  the  minimum  radius  Rj 
(corresponding  to  maximum  flap  deflection). 

Let  us  consider  a  Jet-driven  helicopter  rotor  supplied 
by  an  air  compressor  feeding  air  under  a  pressure  ratio  fjA  , 
at  a  temperature  determ*lned  by  the  compressor's  efficiency,'* 

Compressor  shaft  power  per  unit  area  of  nozzle  cross- 
section  )  is  defined  by  the  pressure  ratio  (Curve  yi  in  Fig. 

195). 

The  nozzle  area  is  given  by  tSy 

where  L  is  the  length  of  the  slit  and 
its  width, 

c* 

The  Jet  thrust  per  unit  area  of  nozzle  cross-section  (-2.) 
is  defined  by  Curve  III  in  Pig.193. 

In  the  c^se  of  a  truncated  nozzle,  the  momentum  of  the 
ejected  fluid  Qm  Vj  Is  less  than  Fj,  where  q^,  is  the  mass  flow 
and  Vj  the  throat  velocity.'  In  this  case  a  definition  of 
is  given  (Curve  II,  Flg.193).  sf 

Q 

Depending  on  whether  the  nozzle  provides  total  expansion 
or  is  truncated  ,  Cyn  will  be  calculated  on  the  basis  of  Fj  or 
Qm  Vj  ,  respectively. 

In  the  case  of  the  deflector  under  test,  the  nozzle  was 
truncated. 


Since  the  length  of  the  blowing  slit  is  imposed  by  blade 
design  project  requirements,  and  the  nozzle  area  Sj  by  the  power 
in  HP  and  the  pressure  ratio,  ij  is  consequently  also  Imposed, 

It  now  becomes  necessary  to  define  the  radius  of  curvature 
Ry  of  the  flap  leading  edge. 

If  we  let  ^  be  the  airfoil  chord,  then  we  may  write  ; 


Nozzle 


leading  to  : 


P 

Truncated  :  — =  0.725  M  C 

LC  ,  '  ^  rt 

Total  expansion  ;  !L  -  0.725  ...2  C., 

le  /"■ 

0.7.5 
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whence 


i  1.585 

V  V 


“  1-385 


4j 


By  combining  Curves  II  and  III  with  Curve  I  of  Fig. '',95,  it 
is  possible  to  plot  the  curves  Va  and  Vt  representing 
ip  the  case  of  a  truncated  nozzle  and  a  total  expansion  nozzle^ 
respectively. 


p 

Since,  further,  M^-C^ls  Imposed  , 
it,  and  hence  also  Rj.  • 


can  be  deduced  from 


Pneumatic  flap'  tested  at  S-^  Ch  wind-tunnel 


Curves  I  and  II  of  Fig.194  represent  the  calibration  per¬ 
formed  in  the  wind  tunnel  at  Vq  =  0,  to  give  the  correspondence 
between  geometrical  flap  deflection  and  Jet  deflection. 


By  combining  Curve  IV  of  Fl^:.194  w^th  Curve  V  of  the  Fig.  193,  it 
IS  pussiole  to  plot  the  graph  given  in  Figure  195  which  in  turn 
defines  the  C^  values  corresponding  to  deflector  Jet  stall  for 
different  values  of  M,  as  well  as  the  pressure  ratios  correspon¬ 
ding  to  Jet  stall  in  terms  of  Q>.. 

J 

As  an  example,  tnls  graph  shows  that  for  M  =  0-.8  and  0«  =  15®, 

the  Jet  will  split  if  C„  >  0.054.  ^ 

r 

For  =  50°  and  M  =  0.5,  the  Jet  will  split  if  C.  >  O.O7. 

r 

Thus,  at  the  limit  ,  the  pneumatic  flap  is  still  applicable 
to  the  cold  cycle  Jet-driven  helicopter  . 

The  curves  in  Figure  195  enable  the  onset  of  Jet  stall  to 
be  pinpointed  for  each  test. 

Pneumatic  flap  for  high-speed  Jet-driven  helicopter 

rotor  I 


A  pneumatic  flap  adapted  to  a  high-speed  Jet-driven  helicop¬ 
ter  is  currently  undergoing  testing.  The  pressure  ratio  consi¬ 
dered  is  =3.7. 

Compressed  air  mass  flow  :  2o8  Kg/sec  per  linear  meter  of 
slit  length. 


Adiabatic  power  ;  5OC  GHP  per  meter  of  slit  length 
C,.  values  adopted;  /  O.C4  for  r  -=  1 

I  Q.025  for  f  -  0.7 


/. 
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Curve  I  In  Figure  I96  gives  the  evolution  of  R.  in  terms  of 

' 

Curves  II  and  III,  plotted  as  before  for  the  case  • f  the 
truncated  nozzle,  give  the  maximum  admissible  pressure  ratio  and 
C^  values  for  different  values  of  M  in  terms  of  Oj. 

Slit  depth  is  =3.5  mm 

Flap  chord  is  4-  =  ^5  mm  . 

This  deflector  amply  covers  the  working  range  of  the  high 
speed  helicopter  rotor  as  defined  at  the  beginning  of  this  report. 

In  hovering  flight,  for  M  =  0.5,  Cu.  =  0. 16  (predicted)  is 
attained  without  difficulty  and  without  jet  stall  with  0,  =  60®. 

In  the  case  of  forward  flight  and  for  the  advancing  blade 
for  M  =  0,8,  the  predicted  Cu.  =  0,07  is  attained  with  0  =  22° 

(predicted  maximum),  '  J 


EFFECT  OF  JET  STALL  ON  LIFT  COEFFICIijlNT . 

IN  TERMS  OF  MACH  NUMBER  ^  * 

Figure  197  gives,  in  terms  of  C^  and  for  0^  =  30°,  the 
Cz  values  for  five  different  Mach  number  values  (M  =  0,1,  0.5,  0.6 
0. 7»  0,8) . 

From  Fig. 19  ,  the  points  identifying  Jet  stall  have  been 
plotted  in  and  are  located  al  ng  the  dotted  E?  lin  .  The  pressure 
ratio  corresponding  to  Jet  stall  is  glven'^by  r%  ==  4  (relative  t 
surrounding  atmosphere).  Taken  in  relation  to  the  pressure  p 
in  the  wind-tunnel  test  section,  the  ratio  fiA  varies  from 
4.8  to  5.2.  '“y 

^  lection  03  in  the  relative  wind  U  ubstantlally 

half  the  deflection  Oj  (no  relative  wind).  ^ 

The  points  A,  B,  C,  D,  E,  F,  Indicate  the  -^al  jes  of  C,,  apper 
tainlng  to  the  following  types  of  helicopter  rot  r  ;  ^ 

-  (A)  natural  circulation  (NC  measurement  points) 

-  (B,C)  mechanically  driven  rotors  with  partial  blowing 

-  (D,E)  Jet-driven  rotors  with  total  blowing  (crane  types) 

-  (F)  high  speed  helicopter  Jet-driven  rotors. 

The  lift  coefficient  Increment  ,  for  a  deflection  0,=  30° 
at  the  instant  of  Jet  stall  retains  the  values  indicated  in  the 
table  below  ; 
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M 

0.5 

•  0.6 

0.7 

0.8 

0.C75 

0.06 

*  0.042 

0.035 

0.65 

0.5 

0.3  75‘ 

0.27 

10^ .  m2.  4  Cg 

16 

18 

18 

16 

p 

The  corresponding  Increase  in  thrust  ,  represented  by  C*# 

remains  unaffected  by  the  Mach  number. 

The  graph  in  Figure  I98  relates  specifically  to  the  Base 
of  Mach  0.5  relevant  to  vertical  flight. 

The  points  corresponding  to  Jet  stall  are  represented  by  Ej 

The  points  A,  B,  C,  D,  E,  appertain  to  the  rotor  types  de¬ 
fined  above. 

It  will  be  observed  that  within  the  deflector  compatibility 
spectrum  (Projects  A,  B,  C),  the  efficacy  of  the  piloting  effect 
remains  excellent. 

As  an  example,  taking  the  case  of  natural  circulation 
(points  NC),  a  30-degree  flap  deflection  Oj  provides  a  ^  Cz 
increase  of  0.35, 

while  a  deflection  ©j  =  50“  results  in  a  corresponding 
increment  of  0.6,  which  is  adequate  for  deflector-controlled 
autorotative  flight. 

Once  the  zone  of  lesser  Jet  stability  is  reached,  the  curve 
giving  C2  in  terms  of  C/*  for  M  =  0.5  detaches  itself  from  the 
corresponding  curve  plotted  for  M  =  0.1  and  passes  through  a 
maximum  at  the  onset  of  Jet  stall  when  a  pressure  ratio  fy  =  4.8 
is  reached.  'py 

Note 

In  the  case  of  helicopter  rotors  with  total  blowing,  it  is 
advantageous  to  shift  the  Jet  stall  curve  Ej  toward  the  right. 

Two  methods  9f  achieving  this  are  respectively  defined  by 
Curve  Va  (Fig. 193)  for  truncated  nozzle  deflectors  and  by  Curve 
Vb  for  total  expansion  nozzles. 

2  The  aim  is  to  seek  to  increase  the  value  of  the  product 
M  .  C^  at  which  Jet  stall  takes  place. 


/. 


Two  methods  of  achieving  this  are  visible  on  Flg.193. 
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A  reduction  In  the  pressure  ratio  from  4.8  (tests)  to' 5.8 
(real  rotor)  causes  th^  value  of  the  product  to  rise 

rnj 


from  0.1  to  0.3  (truncated  nozzle). 


If  the  radius  Rj  of  the  flap  leading  edge  is  left  unaltered, 
Cu  will  be  multiplied  by  3  when  the  geometrically  similar 
rear  defleqtor  is  subsituted  for  the  test  deflector,  due  to 
the  reduction  in  the  pressure  ratio. 


j.f  it  is  lequlred  to  still  further  increase  a  second 

meohod  would  consist  in  increasing  the  radius  R. "by  modifying 
the  profile  of  the  tested  deflector  :  to  this  end,  the  circular 
portion  would  be  extended  almost  up  to  the  trailing  edge  ins¬ 
tead  of  using  a  circular  leading  edge  followed  by  a  curved 
rear  portion  (case  of  deflector  tested  for  rotor  with  partial 
blowing) . 


A  third  possibility  would  consist  in  increasing  the  flap  chord, 
which  can  be  rilsed  from  7  to  16  ^  without  unfavorable 
effects. 


EFFECT  OF  JET  STALL  ON  DRAG 

Fig. 199  and  200  give,  in  terms  of  ,  the  values  of  the 
coefficient  of  drag  in  a  direction  parallel  to  the  relative  wind, 
measured  with  blowing. 

Fig. 199  was  plotted  for  Cz  =  0.2  (advancing  blade  tip, 

M  =  0.8). 

By  way  of  comparison,  the  case  corresponding  to  M  =  0.5  has 
been  plotted  on  this  graph. 

Fig. 200,  which  refers  to  the  blade  as  it  crosses  an  inter¬ 
mediate  azimuth  between  the  advancing  blade  and  centerline  azlmut: 
has  been  plotted  for  different  Cz  values  between  0.1  and  0.4  and 
for  M  =  0.6. 

On  all  the  graphs,  the  points  E.  corresponding  to  Jet  stall 
defined  by  Fig.l95>  have  been  marked  in. 

It  was  observed  that,  in  all  cases,  as  long  as  the  Jet  stai; 
condition  was  not  reached,  the  effect  of  blowing  on  the  drag 
obeyed  the  laws  set  forth  precedlngly. 

Beyond  the  stalling  points,  the  drag  Increases,  as  is  indi¬ 
cated  by  the  sag  in  the  curves. 

Note  1 


These  graphs  show  that,  up  to  the  Jot  stalling  point,  the 
reduction  in  drag  due  to  blowing  offsets  the  reductlcr.  In  the  pro¬ 
pulsive  force  due  to  deflection  of  the  Jet. 

/•I 


An  analysn.s  of  the  tests  has  shown  that  a  reduction  in 
drag  could  be  expected  as  compared  to  the  unblown  helicopter 


Note  2 


Fig. 200  shows  that,  for 
improves  drag  as  compared  to 
vides  the  same  up  to  = 


Cz  =  0*^  and  Q.  =  25",  blowing f 
the  unblown  rotor  and  that  it  pro- 
0.075,  beyond  Jet  stall. 


GENERAJ.  COfjCLUSJONS^  AND  SYNOPSIS 

An  analysis  and  interpretation  of  the  measurement  data 
have  shown  that  control  by  Jet  flap  deflector  can  be  effectively 
applied  to  the  various  helicopter  rotor  projects  as  classified 
below  : 


-  Meclianical]  y-dri  von  helicopters  witli  natural  (A)  or 

partial  (b)  (C)  b]  ovfl  ng 

-  Jet-drl''eii  crane  lie  1  i c opt.e r s  (D)  (E) 

-  High-speed  Jet-rlrlven  helicopt.ers  {V)  . 

The  analysis  hi  eu  uit,  the  follov/ln  ,  lo  Jj,,,ht  in  paiticuiar  : 

C.tuiLiel  j.  .lar:  ir.ekee  it  ssilJe  to  Insui'C  constancy 
VI  I.  .0  thrust  exeritu  'u  t:‘;e  elides  ever  all  azlmuts,  by  creat''.nj 
SiutaMy  hi  .n  livt  cocfficieiit  values  lor  the  retreating  blade. 

/. 
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The  leading  blade  Mach  number  can  be  increased  thanks  to 
blowing,  without  fear  of  compressibility  effects. 

Piloting  by  Jet  deflector  is  effective  even  when  natural 
blowing  is  used. 

Recapitulative  graphs 

The  conclusions  reached  from  the  analysis  are  contained  in 
the  various  sections  of  this  report.  By  way  of  conclusion,  an 
overall  picture  of  the  main  results  obtained  is  presented  in  the 
form  of  recap*! tulative  graphs. 

The  analysis  dealt  in  particular  with  the  more  classic 
question  of  the  mechanical  flap  type  of  deflector.  The  synthesis 
graphs,  however,  will  be  based  on  the  test  results  obtained  with 
the  pneumatic  flaps. 

Despite  the  small  relative  chord  (7  ^) ,  the  pneumatic  flap 
offers  a  degree  of  efficiency,  from  the  standpoint  of  increased 
lift,  comparable  with  that  of  the  mechanical  flap,  the  relative 
phord  of  which  is  I6  $6. 

In  addition,  it  offers  reduced  profile  drag. 

It  provides  accurate,  virtually  Instantaneous  pneumatically 
slaved  control  at  the  cost  of  a  small  mass  flow  of  compressed  air 
employed  at  a  pressure  below  ejection  slit  feed  pressure. 

It  has  virtually  no  inertia  and  is  capable  of  faithfully 
reproducing  the  patterns  of  multicyclic  control  to  insure  azimu¬ 
thal  constancy  of  thrust. 

Its  -universal  utilization  possibilities  makes  it  applicable 
to  all  the  rotor  projects  enumerated  previously. 

A  number  of  results  which  were  not  placed  in  evidence  in 
the  sections  dealing  with  the  analysis  of  the  tests  are  grouped 
together  below  in  systematic  fashion. 

Preliminary  remark  concerning  the  characteristics  of  the  fluid 
feeding  the  ejection  slits  and  their  effect  on  the  results 


In  the  case  of  flying  rotors,  the  pressure  ratio  of  the  fee( 
air  varies  from  1,5  to  5.8  and  the  temperature  from  80®  to  180*C 
in  the  case  of  the  cold  cycle^  In  the  case  of  the  hot  cycle,  the 
temperature  attains  450*  C. 

In  the  case  of  the  tests  performed  in  the  S5  Ch  wind-tunnel, 
the  air  temperature  was  of  the  order  of  -  30*  C,  while  the  pressu 
re  ratio  had  to  exceed  6  in  order  to  achieve  a  value  of 
0.07  with  M  =  0.8  in  the  case  of  the  high  speed  helicopter. 

Such  abnormal  fluid  characteristics,  which  were  Imposed  by  circum 
tances,  in  no  way  effect  measurement  standards;  however,  they 

/. 


A. 67 

do  influence  the  conditions  under  which  the  fluid  layer 
follows  the  guiding  surfaces,  firstly  due  to  the  use  of  very  cold 
air,  secondly  because  of  the  high  pressures. 

The  point  of  transition  of  the  laminar  flow  into  a  turbulen 
flow  moves  closer  to  the  ejection  slit  and  entrainement  of  the 
fluid  layer  along  the  length  of  the  curved  surface  becomes  less 
stable,  firstly  due  to  the  use  of  high  pressures,  secondly  becausi 
of  the  increased  centrifugal  force  exerted  along  the  length  of 
the  guiding  wall  on  particles  of  a  fluid  made 'denser  by  its  very 
low  temperature.  ^ 

Contrarily  to  the  warm,  layer,  this  extremely  , cold  fluid 
layer  Is  consequently  in  a  state  of  almost  Indifferent  stability 
similar  to  that  which  characterized  the  functioning  principle  I 
of  the  spoiler  type  deflector  which  proved  sensitive  to  external  I 
influences,  for  example  to  the  wind-tunnel  florf  which  caused 
a  marked  reduction  in  the  deflection  of  the  layer  of  air,  thereby! 

producing  an  effect  opposite  to  the  deflection  effects  of  the  I 
spoiler,  I 

The  result  of  this  substitution  of  an  icy  fluid  (-50®C)  forj 
a  hot  fluid  (180®C),  in  conjunction  with  a  substantial  increase  il 
the  pressure  of  the  compressed  air,  is  reflected  by  a  reduction  T 
of  the  true  Jet  deflection  when  the  wind  tunnel  is  starded  up,  j 
ue  to  the  extent  of  the  tests  and  the  delays  Involved,  it  was  noi 
possible  to  perform  tests  with  a  slit  of  greater  relative  thick-  I 

ness  (e.g.  O.75  fa  instead  of  0,45  which  would  have  lowered  the  I 
pressure  ratio).  | 

True  deflection  in  the _ relative  wind  j 

Ihe  Jet  d'Gx  leet  J  ons  Oj  marked  on  all  graphs  represent  those) 
obtained  without  relative  wind  and  with  a  pressure  ratio  of  1.8  j 
(See  Fig, 194).  These  experimental  deflections  are  substantially  j 
equal  to  the  predicted  deflections  0,,  the  Jet  emerging  tangen- 

to  the  trailing  edge  of  the  deflecting  surface,  j 

By  way  of  complementary  data,  the  values  of  the  true  deflecJ 
tlon  e=are  shown  on  graphs  of  Pig. 202.  In  this  case,  the  real  | 
deflection  value  was  markedly  at  variance  with  the  theoretical  j 
deflection  Gj.  This  Figure  illustrates’  that  when  the  conditions  j 
for  which  the  Jet  deflector  is  matched  (partially  blown  rotors)  j 

are  not  observed,  Oj  comes  out  at  approximately  6  .  j 

T 

Methods  under  development  for  increasing  the  deflection  0 j 

J  I 

Notwithstanding  the  fact  that  the  results  obtained  are  j 

satisfactory  and  applicable  to  different  rotor  projects,  it  is  j 

evidently  preferable  to  Increase  the  deflection  O',  and  oblige  the) 
Jet  to  follorw  the  guiding  surface  up  to  the  latter's  trailing  j 
edge,  thereby  enabling  the  blowing  efficiency  to  be  increased  j 
or  the  geometrical  deflection  angle  Oj  to  be  reduced  in  cases  j 

where  the  blowing  effects  is  more  than  ample.  j 
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Two  methods  are  envisaged  ; 

% 

-  To  use  warm  fluid  and  restrict  the  pressure  ratio 
to  3.8. 

-  The  adapt  the  profile  of  the  deflector  to  the  aim  sought 
in  each  project,  on  the  basis  of  the  data  given  above. 

With  a  view  to  evolving  total  deflection  deflectors  (0\  =  0J, 
even  in  the  case  of  high  pressures,  a  test  program  was  established 
in  agreement  with  the  O.N.E.R.A.  and  the  Saclay  Test  Center.  This 
program  aims  at  using  vizualisat ion  techniques  in  a  wind-tunnel 
being  built  specially  for  the  purpose  to  permit  the  experimental 
testing  in  the  near  future,  under  conditions  simulating  reality, 
of  a  deflector  designed  for  adaptation  to  a  high  speed  helicopter 
rotor  (•)  supplied  with  compressed  air  at  high  pressure  (  =  3.8). 

The  compressed  air  is  to  be  produced  by  two  TURBOMECA 
"PALOUSTE"  engines  and  the  Mach  number  in  the  wind-tunnel  is  to 
reach  0.8.  / 

Following  these  developments,  aerodynamic  measurements  will 
be  made  in  the  O.N.E.R.A.  Ch  wind-tunnel,  using  compressed  air 
at  different  temperatures. 

Data  summarizing  graphs 

Pneumatic  flap  (case  of  zero  Incidence  i  =  0) 

Low  C  jA,  values  (Figure  201) 

The  A,  B,  C,  D,  E,  indications  given  at  the  bottom  of  the 
graph  refer  to  the  different  types  of  rotor  defined  precedingly,  for 
the  case  of  vertical  flight  or  for  that  in  which  the  blades  cross 
the  helicopter  centerline. 

Moderate  and  high  Cm,  values  (Fircure  202) 

.  ' 

It  is  to  be  noted  that  ffy  begins  to  decrease  when  C 
increases;  for  C^  =  0.17  its  value  drops  to  O.75.  This  occur^ 
in  the  case  of  the  high  speed  helicopter,  which  falls  outside  the 
adaptation  range  of  the  deflector. 

The  Cyu-  values  of  the  retreating  blade,  for  each  specific 
project,  are  given  at  the  bottom  of  the  graph. 

In  the  case  of  Project  F,  which  falls  outside  the  adapta¬ 
tion  range  ,  dj  attains  no  more  than  half  © , .  The  use  of  warm  air 
Instead  of  icy  air,  if  necessary  in  conjunction  with  special  /.  I 


(“)  This*  rotor  is  an  experimental  model  Intended  for  testing  in 
tha  big  wind  tunnel  facility  at  the  Ames  Research  Center  and 
for  which  the  U.S.  Army  has  placed  a  contract. 
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matching  of  the  deflector  ,  will  enable  the  measured  value 
(Cz  =  3)  tc;  be  doubled  for  =  1.  Such  matching  will  further 
enable  flap  angle  of  deflection  0.  and  flap  drag  to  be  both  redu¬ 
ced,  (Cz  =  5  was  found  adequate  for  i  =  0  when  the  analysis  was 
made,  for  if  1  =  0  with  an  infinite  aspect  ratio,  then  Ci  reaches 

3.6  for  Cj  =  47*.) 

Control  efficacy  by  deflector 

Efficacy  varies  to  a  small  extent  with  Oj  .  Pig. 202  refers 
to  control  with  a  deflection  of  around  Oj  =  30''.  This  Pig. 203 
gives  the  control  efficacy  defined  by  terms  of  C^  ,  for 

different  Mach  values.  / 

diminishes  little  as  M  increases  from  0.1  to  0.5  but 
then  diminishes  rapidly  as  M  rises  from  0.5  to  0.8. 

No  disadvantages  are  attached  to  this  decrease,  since  the 
product  wlch  represents  the  effect  on  vertical  thrust, 

practically  ^es  not  vary  as  M  increases  from  0.5  to  0.8. 

It  is  instructive  to  compare  with  .  Without 

blowing,  the  experimentally  measured  value  of  is  of  the 

order  of  0.G8  for  C^  =  0  and  M  =  0.5. 

r 

The  aspect  ratio  of  the  model  was  in  region  of  6. 


In  hovering  flight  (M  =  0.5)  ^  the  ratio  >  which 

compares  the  efficacy  of  blade  pitch  control  '  /  (without 

blowing)  with  that  of  flap  control  (with  blowing),  varies  between 
4  (Rotor  A)  and  2.5  (Rotor  F) . 

This  ratio  varies  between  3  (rotor  A)  and  1,3  (Rotor  P)  for 
the  retreating  blade. 

Control  efficacy  in  the  event  of  engine  failure  and  in 
the  case  of  natural  centrifugal  circulation  (Fig.2o4) 

Pressure  of  the  air  feeding  the  slits  was  adjusted  so  as 
not  to  exceed  70  of  the  dynamic  pressure  of  the  air  flow  in  the 
wind-tunnel  test  section. 

Control  efficacy  came  out  as  follow  : 


0.5 

0.7 

0.014 

0.013 

•  A  A 

To  fix  ideas,  a  flap  deflection  variation  of  udj  =  5>5“ 
corresponds  to  blade  pitch  variation  of  1  , 

Effect  of  blowing  alone  (without  solid  flap  effect) 

Comparison  between  flaps  A1  and  A2 . 
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Th6  grflph  In  Pig, 205  shows  tho  dlffsroncs  in  ,thG  measurG  — 
ments  made,  in  the  case  of  both  types  of  flap  Ai  and  A2  ,  for 
1=0  and  for  different  values  of  0 , ,  with  and  without  blowing 
(2nd  test  run) . 

Si 

The  tests  were  performed  for  different  values  of  M  and 
refpr  to  the  mechanical  flap  A^  and  the  pneumatic  flap  A2  . 

For  the  small  value  (C^<  0,05)  used  for  projects  A,  B, 
C,  for  which  the  flap  was  matched,  Mach  Number  effects  between 
0,2  to  0.8  are  not  marked. 

On  the  other  hand,  for  higher  values  (high  speed  heli¬ 
copter)  the  upper  graph  shows  that  the  Zl  Cz  due  to  blowing,  at 
=  0,11,  varies  little  as  the  Mach  number  increases  from  0.2 
to  0.5,  but  that  it  then  drops  abruptly  and  tends  to  vanish  as  M 
.approaches  unity. 

p 

It  is  important  to  note  that  the  product  M  C2,  representing 
the  true  thrust  variation,  changes  little  as  M  increases  from  0  <5 

to  0.85. 


SHIFT  IN  CENTER  OF  THRUST 

As  will  be  seen  in  Appendix , tests  showed  the  existence 
of  two  centers,  defined  physically  as  follows  : 

1)  /<ith  zero  flap  deflection  and  an  airfoil  section  assumed 
symmetrical  ,  if  the  incidence  i  is  modified  the  thrust 
will  be  applied  substantially  at  25  chord  (measured 
from  leading  edge) . 

2)  With  zero  incidence  i,  if  flap  deflection  be  modified  , 
then  regardless  of  the  value,  the  thrust  will  be 
applied  substantially  at  50  chord. 

If  operational  needs  require  the  center  of  thrust  to  remain 
stationary,  then,  starting  from  zero  incidence  and  the  given  flap 
deflection,  both  the  incidence  and  the  flap  deflection  Oj  will 
have  to  be  increased  in  equal  proportions.  ^ 

Even  if  blade  pitch  remains  fixed  in  the  case  of  a 
copter  in  forward  flight,  it  will  be  appreciated  that  it 
ble  to  combine  direct  control  (by  forward  tilting  of  the 
chaft)  with  control  by  Jet-flap  to  achieve  this  end  with 
dent  degree  of  approximation. 


DEFLECTOR  CLASSIFICATION  AND  FINAL  CONCLUSIONS 

Deflector  classification  by  order  of  efficacy  is  as  follows 


hell- 
is  possl- 
rotor 
a  suffi- 
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1)  Pneumatic  flap  (best  lift/drag  ratio  and  good  efficacy). 

2)  Mechanical  flap  (good  efficacy), 

5)  Deflectors  using  spoilers  or  auxiliary,  Jets  (limited 
efficacy  ). 

The  pneumatic  flap  provides  universal  utilization  possibill 
ties.  It  repVesents  an  Instantaneous-response  slaved  control 
devoid  of  play  or  inertia,  capable  of  reproducing  all  multlcycllc 
control  patterns. 

In  order  to  arrive  at  a  valid  comparison  between  the  mecha¬ 
nical  flap  and  the  pneumatic  flap--each  tested  in  two  wind 
tunnels  (subsonic  Si  Ch  and  transonic  S,  Ch)--  a  unique  relative 
slit  depth  was  adopted  (■^/^=  0.45  ^) ,  pr'oviding  compromise  compa¬ 
tibility  between  the  partially  blown  and  the  fully  blown  rotors. 

In  the  case  of  the  fully  blown  rotor,  this  resulted  in  the 
compressed  air  pressure  ratio  being  roughly  double  the  maximum 
value  envisaged  in  practice  5.8).  In  addition,  the  compre; 

sed  air  was  extremely  cold,  being  at  -  50“C  instead  of  180*  C. 

Due  to  the  characteristics  of  the  compressed  air  supplied 
during  the  S^  Ch  transonic  wind-tunnel  tests.  Jet  entralnement 
stability  was  affected. 

At  zero  wind  speed,  the  fluid  layer  followed  the  deflecting 
surface  fairly  closely  and  emerged  from  its  trailing  edgfe  tangen¬ 
tially  even  when  high  pressure  ratios  were  involved. 

In  the  wind-tunnel  relative  flow,  the  Jet  sheet  lifted  qult< 
considerably  to  the  detriment  of  increased  Cz> 

Mach  number  values,  or  more  precisely  at  high 
ponding  to  high  pressures. 

Despite  the  unfavorable  test  conditions  (laminar  airfoil 
section  and  compressed  air  characteristics^  results  proved  excel' 
lent  in  the  case  of  partially  or  naturally  blown  rotors,  and  goo< 
though  perfectible,  in  the  case  of  fully  blown  rotors  notwithstan¬ 
ding  the  fact  that  Jet-flap  had  been  matched  for  moderate  blowing 
only. 

It  is  interesting  to  note  that  the  slope  of  the  lift/drag 
curves  remains  unaffected  by  Jet  lift  as  long  as  the  pressure 
ratio  of  the  compressed  air  remains  below  the  critical  value 
corresponding  to  the  onset  of  Jet  stall. 

The  effect  of  blowing  on  the  lift  coefficient  can  be  increa¬ 
sed  in  the  case  of  the  high  speed  helicopter  rotor  by  using  a  mor( 
favorable  true  compressed  air  temperature  at  a  more  moderate 
pressure  ( ^'/^  =  5.8)  and  by  matching  the  flap  accordingly. 

Testing  is  being  pursued  along  these  lines. 

/. 
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ANALYTICAL  DETERMINATION  OF  THE  AERODYNAMIC 
TORSION  MOMENTS  ACTING  ON  A  JET-FLAPPED 
ROTOR  BLADE  AND  METHODS  OP  DEALING  WITH 
SUCH  MOMENTS  ON  A  BLOWN  BLADE  STRUCTURE 


INTRODUCTION 

Jet-flap  control  and  propulsion  ,  on  the  one  hand  requires 
a  modification  of  the  blade  structure  which  has  to  include  a  duct 
intended  to  carry  the  compressed  air  from  the  root  of  the  blade 
towards  its  tip  and  a  slit  located  in  the  trailing  edge  of  the 
blade,  generally  along  its  outer  portion  and,  on  the  other  hand, 
Introduces  a  modification  of  the  air  loads  acting  on  the  blade. 

The  blade  torsional  stiffness  and  the  pitching  aerodynamic 
moments  are  thus  modified  and  it  is  the  object  of  this  section  to 
study  the  effects  of  this  double  modification. 


STRUCTURAL  REQUIREMENTS 

The  width  of  the  ejection  slit  which  is  located  roughly 
along  the  outer  JO  %  of  the  blade,  at  its  trailing  edge,  repre¬ 
sents  a  few  per  cents  of  the  blade  chord. 

This  slit  is  situated  at  the  upper  part  of  the  trailing 
edge  of  the  blade  member  in  front  of  the  flap  which  has  a  depth 
of  4  to  20  of  the  blade  chord. 

The  flap  has  to  be  controlled  from  the  rotor  head  and  sui¬ 
table  controls  have  to  be  provided  and  located  Inside  the  blade 
structure. 

The  ejection  slit  is  partly  stopped  by  cross-members 
(braces)  which  Increase  the  torsion  stiffness  of  the  blade  and 
prevent  deformation  of  the  slit  width  which  would  lead  to  undesl 
rable  variations  of  the  blown  air  mass  flow. 


/. 
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However,  this  partial  stopping  of  the  slit  gives  rise  to 
head  losses  and  a  compromise  has  thus  to  be  found  between  the  tor¬ 
sion  stiffness  requirements  and  the  lifting  capability  of  the 
system. 

If  designates  the  stopped  portion  of  the  slit  and  its 
open  portion,  the  lifting  efficiency  of  the  slit  as  compared  to  a 
continuous  open  slit  is  given  as  follows  : 


Spanwlse,  two  different  structures  are  to  be  considered  for 
the  blown  blade  : 

-  the  inner  portion  from  r  =  0  to  approximately 
r  =  0,6  or  0.7  , 

-  the  outer  blown  portion,  beycnd  the  previous  limit, 
up  to  the  tip. 

Inner  non-blown  portion  of  the  blade 

The  structure  of  this  portion  (Taken  apart  the  blade  root 
which,  owing  to  the  fact  that  the  blown  blade  is  fixed  in  pitch, 
is  of  simpler  design)  is  not  very  different  from  the  structure 
of  a  conventional  blade. 

This  portion  incorporates  however  a  duct  for  the  compressed 
air.  This  duct  may  be  the  hollow  spar  of  the  blade. 

Compressed  air  characteristics  and  power  requirements  1  sad 
to  the  following'  considerations  for  the  configurations  of  the  duct 

-  the  cross  section  must  be  the  larger  possible 

in  order  to  decrease  head  losses, 

-  for  a  given  cross  section  of  elliptical  form  head  losses 
vary  in  a  large  way  when  the  ratio  between  the  two  axes 
of  the  ellipse  is  in  the  range  of  0.10  to  0.25. 


if  the  temperature  of  the  compi'essed  air  is  high  there 
is  an  additional  advantage  to  .-educe  losses  by  reverbera¬ 
tion,  Owing  to  this  the  duct  cross  section  should  be 
the  closer  possible  to  a  circle,  and  this  leads  to  in¬ 
crease  the  relative  thickness  pf  the  blade  airfoil 
section. 

/. 
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Pressure  requirements  and  problems  of  dilatation  due  to 
temperature  may  also  lead  to  consider  : 

-  the  use  of  several  ducts  instead  of  a  single  duct, 

-  the  use  of  cylindrical  ducts  or  at  least  approaching  as 
closely  as  possible  a  circular  cross  section. 

The  consequences  of  these  considerations  may  be  summarized 
as  follows  : 

-  The  relative  thickness  of  a  blown  blade  should  be 
larger  than  that  of  a  conventional  blade. 

Relative  thicknesses  of  ‘’5  to  20  ^  are  to  be  considered. 

-  The  torsion  and  bending  stiffnesses  of  a  blown  blade 
are  increased  with  respect  to  a  conventional  blade. 

-  The  weight  of  a  blown  blade  is  also  Increased  even  if  the 
compressed  air  duct  is  structuraly  active. 

-  The  center  of  gravity  of  such  a  blade  section  (if  no 
weight  is  added  at  the  leading  edge)  is  located  between  30 
and  35  ^  of  the  blade  chord. 

-  The  shearing  center  is  located  approximately  between  25 
and  35  ^  of  the  blade  chord. 

-  The  moment  of  inertia  in  torsion  is  Increased. 

-  The  torsion  and  bending  natural  frequencies  of  this  por¬ 
tion  of  the  blade  are  not  noticedjly  modified  with  respect 
to  a  conventional  blade  structure. 

Outer  blown  portion  of  the  blade 

This  portion  of  the  blade  is  a  cylindrical  box  beam  opened 
along  one  of  its  sides  (slit)  and  its  regidlty  is  thus  largely 
decreased.  The  shearing  Center  of  such  a  section  is  located  in 
front  of  its  leading  edge. 

The  presence  of  air  deflectors  (deflection  of  the  air  flow 
towards  the  ejection  slit)  and  reinforcement  of  the  edges  of  the 
slit  permit  to  Increjase  the  initial  rigidity  of  this  portion  of 
the  blade  and  to  bring  the  shearing  center  inside  the  section. 

This  leads  however  to  push  the  c.g.  of  the  blade  section 
beyond  the  25  %  limit,  unless  a  counterpoise  is  provided  in  the 
leading  edge. 

In  any  case  the  weight  of  this  part  of  the  blade  is  increa¬ 
sed  in  comparison  with  a  conventional  structure  and  its  natural 
bending  and  torsion  frequencies  are  lodrered. 

/• 
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DETERMINING  THE  TORSION  RIGIDITY  AND  THE  SHEAR 
CENTER  IN  AIRFOIL  SECTION  MODELS  WITH  A  TRAILING 
EDGE  SLIT 


GENERAL 

Torsional  tests  were  performed  on  a  steel  blade  spar  model 
(see  Figures  206  and  20^  provided  with  a  longitudinal  slit  streng 
thened  by  means  of  braces.  Both  the  spacing  of  the  braces  and 
the  inertia  of  the  slit  vrere  varied  in  order  to  measure  the 
influence  of  these  two  factors  on  the  rigidity  of  the  section 
and  on  the  position  of  the  shear  center. 

Method  Used  for  Tests 


One  end  of  the  model  was  clamped  fast  and  the  free  end 
rendered  Integral  with  a  rigid  bar  drilled  with  four  holes  arran¬ 
ged  symmetrically  in  relation  to  the  computed  shear  center  of  the 
closed  section  (see  Flgure207).  The  twisting  moments  were  applied 
by  means  of  weights  hung  from  the  level  of  each  hole  in  turn,  so 
that  the  section  was  subjected  to  combined  twisting  and  bending. 

A  comparator  placed  at  each  end  of  the  bar  was  used  to  measure 
the  deflection. 

Determination  of  the  Shear  Center  and  the  Flexural 
Rigidity  ~ 

The  weights  were  hung  from  holes  1,  2,  5  and  4  in  turn  and 
the  corresponding  deflections  at  the  two  comparators  plotted.  The 
sag  and  the  location  of  the  shear  center  at  the  Intersection  of 
the  two  curves  were  then  determined,  as  shown  in  the  diagram 
below. 


A 
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Knowing  the  sag,  the  flexural  rigidity  of  the  cantilever 
beam  can  be  deduced  as  fo^ows  :  j 

£i  =  IL- 

Where  P  is  the  force  applied  to  tho  section, 

L  the  length  of  the  beam, 

1  its  moment  of  inertia 

E  the  modulus  of  elasticity  and  f  the  sag. 

Repeating  these  measurements  for  different  weights  enables  th 
sag  to  be  plotted  against  the  weight,  thereby  furnishing  a  mean 
value  for  the  flexural  rigidity. 

Determination  of  the  torsional  rigidity  and  the 


angular  deflection 

The  angular  deflection  d  of  the  section  was  determined  for 
each  position  of  the  weight. 

Let  and  be  the  deflections  read  at  each  end  of  the  bar, 

the  sign  +  being  used  to  designate  upward  deflection  of  the  compa¬ 
rator  feeler. 

Let  D  be  the  distance  between  the  two  measurement  points. 

The  angular  deflection  0  is  then  given  by 


■  »  .f  o  ptutiw* 

^  '  AO 


positt0n 

wi9i  /»«»/ 


P  «  mm* 


f  ■ 
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The  torsional  rigidity  is  defined  by 

6K  -.  JH- 


where  N  =  twisting  moment  applied  to  the  section 
G  =  modulus  of  elasticity  in  shear 
K  s  a  torsional  constant 
^  =  angle  of  twist  per  unit  length. 

The  angle  of  twist  6  of  the  section  and  the  twisting  moment 
were  both  computed  for  each  weight  and  for  each  position  of  those 
weights.  The  curves  obtained  by  plotting  6  against  M  then  enabled 
a  mean  value  to  be  determined  for  GK. 

During  the  tests,  the  spacing  for  the  braces  was  varied  as 
shown  in  Figure  206  and  the  inertia  of  the  slit  was  increased  in 
varying  degrees  by  the  use  of  reinforcement  brackets  of  different 
size  : 


1)  -  bracket  without  flange, 

2)  -  bracket  with  flange  of  ; 
5)  -  bracket  with  flange  of; 


thickness  1,5  mm 
10,5  mm  wide 


5,5  mm  wide 


4)  -  bracket  as  per  (2)  above  boxed  over  with  sheet  metal. 
The  results  obtained  are  tabulated  in  Figure  208. 


Note 


Some  of  the  results  are  at  variance  with  the  overall  pattern: 
it  is  clear  that  the  rigidity  of  the  beam  and  the  value  of  the 
flexural  rigidity  must  decrease  j 

a)  -  with  increasing  spacing  between  the  braces 

b)  -  with  decreasing  inertia  of  the  slit. 


The  dlscrepancltb  in  some  of  the  results  stem  from  ,  the 
fact  that  in  order  to  alter  the  brace  spacings  and  the  degrees  of 
strengthening  used  for  the  slit  it  was  necessary  to  remove  the  beat 
from  its  housing  and  withdraw  the  fixing  bolts  used  for  the 
braces  and  the  brackets;  thus  the  conditions  of  assembly  and 
tightening  up  varied  from  one  test  to  the  next,  which  in  turn 
Introduced  minor  errors  into  the  measurements. 
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Variation  In  the  Rlgldlt' 


THe  rigidities  GK  were  correlated  to  the  rigidity  of  the 
beam  with  full  stiffening,  so  that  the  ordinates  were  used  to 
represent  the  rat lo  , whl  ch  varies  between  +6  and  1. 

In  order  to  find  a  non-dlraenslonal  coefficient  In  terms  of 
El  and  o<  ,  and  of  the  spacing  between  the  braces  (<><  = 

where  Is  the  free  length  between  two  braces  and 

L  Is  the  distance  between  the  free  and  clamped  ends 
of  the  beam 

the  location  of  the  shear  center  of  an  open  section  with  braces 
along  the  length  of  the'  silt  was  expressed  by  calculation. 

These  calculations  showed  that  the  location  of  the  shear  cen 
ter  of  such  a  section  may  be  expressed  In  terms  of  : 

1)  -  the  ratio  of  the  flexural  Inertia  contributed  by  the 

strengthening  means  to  the  Inertia  of  the  open  section 
without  strengthening  means, 

2)  -  the  cube  of  the  lengths  ratio  =  L  . 

where*  ^ 

L  Is  the  total  length  of  the  beam  and 

tf,  the  free  length  between  2  braces  . 

The  abscissae  were  used  to  represent  the  values  of  the  non- 
dlmenslonal  coefficient. 


where  ;  total  Inertia  of  the  section,  determined 

experimentally 

flsxural  Inertia  of  the  reinforcement  (computed). 

The  curve  representing  the  variations  6K/  in  terms  of  6 
Is  given  in  (Figure  209).  /6/<o  ~ 

Location  of  Shear  Center 

The  locations  of  the  shear  center  of  the  open  section  Cq 
(no  braces,  no  reinforcement)  and  of  the  closed  section  Cf  (no 
reinforcement,  but  with  braces)  were  determined  by  calculation, 

The  value  1  was  assigned  to  the  distance  Cq  Cf  .  The  ordinate  was 
used  to  represent  the  ratio  CC^Ac,,  where  C  Is  the  shear _ 
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center  of  an  arbitrarily  chosen  section.  The  abscissa  represen¬ 
ted  the  coefficient  ^ 

This  , gave  the  curve  shown  In  Figure  210,whioh  covers  the 
results . 

Conclusion 

It  is  practically  possible  to  Insure  a  fairly  equivalent 
torsional  rigidity  in  a  beam  embodying  a  longitudinal  slit  as  that 
provided  by  a  closed  beam,  by  means  of  braces  disposed  in  the  slit 
and  reinforcements  of  the  slit  edges. 


AERODYNAMICAL  TORSION  MOMENTS  AND  INERTIA 
FORCES  TORSION  MOMENTS 

ANALYSIS  OF  AERODYNAMIC  RESULTS  IN  CONNECTION 
WITH  TORSION  MOMENTS  IN  A  BLOWN  AIRFOIL  SECTION 

Procedure  followed 

An  examination  of  the  test  results  giving  0^  in  terms  of  C^ 
shows  that  the  moments  vary  but  little  with  the  angle  of  incidence 

i  . 

The  coefficient  Cm  is  consequently  proportional  to  the 
difference  between  the  total  Cj  and  the  C*  that  would  be  measured 
were  the  angle  of  deflection  fiy  of  the  air  Jet  to  be  zero,  all 
other  things  being  equal.  Indeed  this  difference  is  independent 
of  1  in  the  regions  of  linear  variation  of  C^  in  terras  of  1, 

This  is  tantamount  to  assuming  the  existence  of  a  center 
of  thrust  for  the  forces  resulting  from  C,«i-  C  ^  (A-  =  0),  and  of 
a  center  of  thrust  which  is  located  in  the^  neighborhood  of  the 
balance  arm  for  the  forces  resulting  from  C ^  (  A- =  0)  and  which  is 
analogous  to  an  aerodynamic  center  located  at  quarter  chord  in 
a  non-blown  airfoil  section. 

Two  methods  ware  used  for  the  analyses  ; 

Method  A 

It  was  assumed  that  the  coefficient  Cm  may  be  expressed  by  : 

Where  :  Is  the  C,  that  would  bo  measured  were  0:  to  be 

W  '  zero,  all  other  things  being  equal,  » 

/. 
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the  total  read  off  the  diagram  obtained 
from  the  measurements «  and 

^z/f)^he  fraction  of  the  due  to  the  reaction  of 
^'the  Jet. 

In  other  words,  the  existence  of  three  centers  of  thrust  was 
assumed  here,  the  ^et  reaction  forces  (considered  separately) 
being  applied  to  one  of  those  centers  (taken  to  be  stationary  in 
the  middle  6f  the  flap) . 

The  coefficients  a,  b,  d,  are  the  non  dimensional  abscissae 
(related  to  the  chord  length^)  of  the  denters  of  thrust,  the 
origin  being  the  balance  arm. 

The  corresponding  value  of  d  was  fixed  at  0.64. 


Method  B 

The  coefficient  C„  is  given  by  the  formula 

In  other  words,  all  the  lift  forces  resulting  from  ^*(^*=0) 

are  assumed  applied  at  a  unique  center  of  thrust,  ' 

Tests  in  Si  Oh  Wind  Tunnel 

These  tests  were  performed  on  a  model  of  laminar  airfoil 
section  with  a  chord  length  of  1  meter,  a  span  of  2  meters  and 
equipped  with  a  blown  flap  extending  over  16,5  %  chord,  the  model 
being  placed  between  panels.  The  balance  arm  was  located  at 
25  %  chord  from  the  leading  edge.  The  relative  wind  speeds 
(15  and  22  m/sec)  corresponded  to  Mach  Numbers  below  O.IO  and  to 
Reynolds  Numbers  of  0,7  to  1,0  x  10  , 


Analysis  of  results  by  Method  A 

The  ^  curves  were  drawn  for  1,  M,  cons¬ 

tant  and  9:  variable.  Neglecting  measurement  and  reading  errors, 
these  curves  can  be  regarded  as  straight  lines.  This  means  that 
the  coefficient  b  does  not  depend  upon  9:  to  any  appreciable, 
extent.  ' 


The  coefficient  b  is  little  dependent  upon  ,  as  shown 
in  the  following  table  1 


{ 

0.09 

-  0.264 

0.22 

-  0.255 

0.70 

-  0.242 
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The  values  of  the  coefficient  5  are  given  in  the  table 
below  : 


The  formula  i 


was  applied  for  calculation  of  the  moments  from  the  lift  forces. 

All  values  for  the  various  coefficients  of  lift  entering 
into  this  formula  are  values  read  off  the  diagrams  in  the  test 
reports. 

It  will  be  seen  that  the  values  calculated  in  this  way 
agree  very  well  with  the  experimental  values  in  the  region  limited 
by  the  ^z^t) 

The  preceding  method  therefore  remains  valid  outside  the 
area  of  linearity  of  the  Cj,  in  terms  of  1  , 

By  way  of  example,  the  moments  pertaining  to  »  0.22  and 
V,  *  22  m/sec  were  recomputed  and  entered  onto  diagram  in  Fi¬ 
gure  211. 


Analysis  of  results  by  Method  B 

The  Cm  curves  were  drawn  for  1,  M  ,  constant  and 
variable.  The  curves  obtained  are  again  straight  lines.  The 
coefficient  b,  varies  with  the  as  shown  in  the  table  below  i 


The  values  of  i  are  the  same  as  those  calculated  by  the  firs 
method . 


the 


b 


It  may  be  noted  that  b,  Increases  with  C 
coefficients  computed  by  method  Ap  * 


as  opposed  to 


/. 
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This  suggests  that  the  coefficient  d  is  equal  neither  to  0 
nor  to  0.65,  but  to  some  Intermediate  value. 

In  both  methods,  b  does  not  depend  upon  9:  .  For  a  given 
Za,  ,  the  lift  forces  ascrlbable  to  blowing  and'those  due  to^  the 
jfet  reaction  are  both  proportional  to  sin  A’  .  It  is  thus  not  , 
surprising  that  the  Independence  of  the  b  'with  respect  to  Bj 
in  one  method  should  lead  to  independence  of  the  b  with  respect 
to  in  the  other  method. 

The  moments  pertaining  to  =  0.22,  Vo  =  22  m/sec  were 
also  recomputed  and  entered  onto  diagram  of  Fig.  211. 


Tests  in  STt  Ch  Wind-Tunnel 

These  tests  refer  to  a  model  of  laminar  airfoil  section 
having  a  chord  length  of  0.517  m  and  a  span  of  0.440  m  and  equip¬ 
ped  with  a  flap  over  l6.5  %  of  chord  length.  The  balance  arm  was 
located  at  25  %  chord  from  the  leading  edge  '.  The  model  was  places 
between  panels,  and  the  relative  wind  speed  ranged  from  Mach  0.10 
to  Mach  0.80,  corresponding  to  Reynolds  Numbers  extending  from 
800,000  to  4 .000.000. 

Analysis  of  test  results  by  Method  A 

At  Mach  0.10  the  curves  0^  -  are  straight  lines  whlc 

do  not  pass  through  the  origin.  According  to  method  A  the  expres¬ 
sion  of  the  moment  is  : 


At  all  Mach  Numbers,  Cihq  comes  close  to  0.006. 

The  coefficient  B  decreases  as  Increases,  for  Mach  0.10. 
It  Increases  with  C^u.  for  Mach  0.70  and  remains  Independant  of 
for  Mach  O.6O  and  Mach  O.8O.  In  no  case  does  it  vary  by  more  tnan 
5 


The  table  below  gives  the  mean  values  of  b  in  terras  of  the 
Mach  Numbers  : 


Mach 

0.1 

0.6 

0.7 

0.8 

b 

0.202 

0.251 

0.282 

0.559 

Figure 212shows  the  shifts  of  the  center  of  thrust  b  In  terms 
of  Mach  Number. 

The  coefficient  fi  is  more  often  than  not  equal  to  zero  or 
is  slightly  positive  by  a  quantity  that  is  difficult  to  appreciate. 

• _ _ _ 
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The  moments  were  calculated  by  this  method  for 

ff 

Mq  =  0.10  ^'=59°  (Figure  213  )  • 

Mo  =  0.70  ^' =  30®  (Figure  214) 

Analysis  of  test  results  by  Method  B 

The  Cm  curves  are  straight  lines  which  do  not  pass  through 
the  origin.  In  all  cases  there  exists  a  constant  moment  close  to 
0.006,  probably  due  to  a  zeroing  error. 

The  coefficient  b  always  Increases  with  . 

The  table  below  gives  the  mean  values  of  b  In  terms  of  the 
Mach  Number. 


Mach 

0.1 

0.6 

0.7 

0.8 

b 

0.231 

0.262 

0.228 

0.336 

f  212shows  the  shifts  In  the  center  of  jbhrust  b  In  terms 

of  Mach  Number. 

The  moments  were  calculated  by  this  method  for  the  followlnc 
values  : 

Mo  =  0.10  59®  (Figure  213) 

Mo  =  0.70  30®  (Figure  214) 

Conclusion 


In  the  C  and  C^  area  explored,  the  most  accurate  formula  for 
expressing  the'  moment  about  the  axis  of  supenslon  Is  : 


'/H 


(!■) 


where  Cm^  =  0  for  the  tests  In  Si  Ch  Wind-Tunnel 

Cmg  =  0.006  for  the  tests  In  Wind-Tunnel 

d  Is  difficult  to  state  precisely  but  Is  probably  In  the 

neighborhood  of  O.6O;  however  It  does  not  seriously  affect  the 
accuracy  of  the  results. 

The  analyses  consequently  establish  the  existence  of  an 
aerodynamic  center  for  the  lift  forces  arising  from  blowing  and 
from  the  flap  effect. 


Thus,  blowing  brings  to  light  an  aerodynamic  center  which  Is 
Inexlstent  when  the  flap  operates  without  blowing. 

/... 
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Shifts  In  locatlonsyaerodynamlc  center  of  blowing  * 
lift  forces  as  the  result  of  h  modlf loatlon  to  the  model 

Additional  tests  were  performed  with  the  same  model  after 
the  latter  had  been  slightly  modified  by  thlnrlng  down  the  upper 
lip  of  the  blowing  silt  ,  the  depth  of  the  silt  remaining  unchan¬ 
ged  (Figure  156  ). 

Analyses  were  made.  In  accordance  both  with  methods  A  and  B, 
for  a  unique  angle  Q-  =  22* 5 . 

Q 

The  locations  of  the  aerodynamic  center  of  the  blowing  lift 
forces  were  plotted  in  terms  of  the  C-  for  different  Mach  Numbers 
(Pig  ,215-21^(ro  permit  comparison,  the  aerodynamic  center  loca¬ 
tions  pertaining  to  the  previous  tests  have  been  Indicated  also  , 
again  for  =  22*5  ) . 

It  may  be  noted  that  for  this  value  of  A*  and  for  low  values 
of  ,  the  corresponding  values  of  and  C, *are  relatively  small 
this  accounts  for  the  fluctuations  In  the  location  of  the  aerody¬ 
namic  center* 


ANALYTICAL  STUDY  OF  TORSION  (PITCHING)  MOMENTS 
DUE  TO  INERTIA  FORCES 

It  Is  the  purpose  of  this  section  to  proceed  with  a  complete 
enumeration  of  the  Inertia  torsion  moments  sustained  by  the  blade,  ( 
due  to  rotation  about  the  rotor  axis  and  also  to  oscillation  about 
the  flapping  and  drag  hinges  and  about  the  feathering  axis.  The 
torsion  moments  arising  from  flap  deflection  were  also  studied. 

System  of  Coordlnat6s-Degrees  of  Freedom-Hypotheses 

The  OZ  axis  In  the  reference  system  Is  the  rotor's  conlclty 
axis,  l.e.  such  that  the  vertical  flapping  of  the  first  order((re- 
quancy  equal  to  the  number  of  revolutions  made  by  the  rotor  per 
second)  shall  be  zero.  The  rotor  mast's  oscillations  In  roll  and 
In  pitch  are  reflected  by  a  variation  In  the  cyclic  pitch.  Ver¬ 
tical  flapping,  and  hence  also  flapping  about  the  drag  hinge,  are 
reduced  to  a  minimum. 


The  rigid  blade  possesses  four  degrees 


of  freedom 


(Plgure217 


A) 


The  rotation  about  OZ 

The  rotation  (S  about  the  vertical  flapping  hinge  perpendi¬ 
cular  to  OA  and  to  the  rotor  mast 


The  rotation  S'  about  the  drag  hinge  axis  passing  through  E 
and  lying  parallel  to  the  rotor  mast 


-  The  rotation  $  about  the  feathering  axis. 


A 


P  .85 


The  moments  of  inertia  considered  subsequently  axe  the 
following  : 


=  2  my 
I y  =  £  mx  ^ 

^0  "  4 


The  centers  of  gravity  of  all  the  blade  sections  are  assumet 
to  lie  along  the  feathering  axis. 

Pitching  moments  sustained  by  the  blade  , 

Restoring  moments  due  to  centrifugal  forces. 

The  effect  of  centrifugal  forces  is  to  tend  to  pull  all  mate 
rial  points  constituting  the  blade  away  from  the  axis  of  rotation. 
This  is  reflected  by  a  couple  which  tends  to  cancel  out  6  if  the 
rotation  is  through  or  through  S'  ,  or  to  make  it  equal  to  J[r 

if  the  rotation  takes  place  through  fS  .  2 

If  the  angles  ^  and  ^  are  assumed  to  be  small,  the  expres¬ 
sion  for  these  moments  may  be  written  : 


Numerical  Example  i 

Blade  ;  mean  chord 

length 

airfoil  section 

Ix  = 

= 


0,5  ra 
6  m 
64.  A. 018 


7.5  .  10"^ 

54  .  10"5  {  0  *  "  ) 


4, 

(y  =  1,000  =  rotor  angular  velocity) 

Variable _ ^ _ _ £ _ ^ 

Pulsation  2a;  l.l  uJ  dJ 

Amplitude  5*  2*  2* 


(i 

S 

2a; 

l.luj 

5* 

2* 

2* 

12“ 

On  the  basis  of  these  values,  the  portion  of  the  torsion 
moment  due  to  the  rational  speed  through  y  is  of  the  order  of 


No  =  24  m/Kg, 
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and  this  will  be  the  value  with  which 


-  -  uc  one  va±ue  With  whic 

the  other  portions  of  tne  torsion  moments  will  be  compared  : 

The  portion  due  to  motion  about  the  drag  hinge  is  : 

0,05  m/Kg  =  0.001  Mq 

The  portion  due  to  motion  about  the  flapping  hinge  is  ; 
0.75  m/Kg  .  0.03  Mo 
Pitching  moments  due  to  Coriolis  forces 

Coupling  the  ly  and  motions  produces  the  moments  ; 

sin  i4s^$) 

Coupling  of  tho  &nd  motions  giv€8  : 
t  • 

H  -  -  2 ^  S ~  I^) S/A cfis(S 
the  moment^^'  ^  rotation  coupled  to  the  2r  motion  produces 

Numerical  Example  ; 

Pr  and  “ 

2,5  m/Kg  =  0.1  Mo  . 

The  moment  resulting  from  and i‘r  will  be  of  the  order  of 

0.020  m/Kg  =  0.001  Mo, 

while  that  resulting  from  ^  and/r  will  be  of  the  order  of 

0.63  ra/Kg  =  0.025  Mq  . 

Pitching  moments  due  to  flap  deflection 

dp  hinf?  blades  equipped  with  flaps  designed  to  provl- 

de  blowing  at  the  trailing  edge,  deflections  of  such  a  flap  will 
produce  twisting  moments  about  the  feathering  axis. 

The  deflections  of  the  flap  may  be  such,  for  example,  that 
they  result  in  constancy  of  the  moments  resulting  from  the  lift 
forces,  as  referred  to  the  blade  root.  The  variations  in  dj  the 
angle  of  deflection  of  the  Jet^  are  known.  A  breakdown  Int^  a 

Thrinol  ™  function  to  bo  obtaln.d 

The  amplitude  of  the  shift  sustained  6y  the  flap's  center  of 

gravity  will  be  assumed  proportional  to  the  amplitude  ot  $•  ,  I 
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As  an  example,  the  results  of  the  harmonic  analysis  for  a 
given  set  of  flight  conditions  emerge  as  follows  : 


Order  of 
harmonics 

Constant 

term 

1 

2 

3 

4 

5 

Amplitude 

15.4“ 

13.8“ 

10.7“ 

0.83“ 

1.1" 

1" 

Displacement  of  center  of  gravity  :  1  mm  for  5* 

<) 

Mass  of  flap  per  running  meter  t  ra  =  0« 850  ( Kg/m)  =  0,086 

9.81  (m/sec^)  Kg.m'^s' 

The  Inertia  force  due  to  flap  deflection  may  be  written  t 

CO  e 

I  " 

Taking  the  flap  to  be  at  a  distance  d  from  the  feathering 
axis,  the  moment  due  to  the  Inertia  forces  may  be  written  : 

t  ,  ^  *  2 

Ff  s.  d  ^  ^  s 

/ 

Whence  can  be  obtained  the  numerical  values  for  the  magni¬ 
tudes  of  the  blade  moments. 

Value  of  d  ;  0,20  m 

Length  of  flap  :  1,8  m. 

Fundamental  Term 

0.086  X  0.20  X  ^3.8  X  1.8  =  0.086  m.Kg  =  O.OO56  Mq 

5 

2nd  Order  Harmonic 

0.086  (— )  X  =  0.270  ra  Kg  =  0.011  Mo 

^  CJ  J-P  .  o 

3rd  Order  Harmonic 

0.086  X  9  X  =  0.0465  mKg  =  0.002  M 

131.8 

4th  Order  Harmonic 

0.086  X  16  X  =  0.110  mKg  =  0.0046  M^ 

13  .0 

5th  Order  Harmonic 

0.086  X  25  X  =  0.157  raKg  =  0.0065  Mo 


( 
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ritcliiiih';  moments  sustained  by  flap . 

Restoring  moments  due  to  centrifugal  forces  * 

The  flap  rotates  at  a  velocity  U>  and  Is  the  seat  of  a 
force  F  whose  eomponent  resolved  perpendicular  to  the  flap's 
hinge  line  is  given  by 


where  m  Is  the  mass  of  the  flap  and  h  the  distance  of  Its 
longitudinal  axis  from  the  rotor's  axis  of  rotation. 

On  the  basis  of  the  numerical  data  used  precedlngly,  and 
taking  h  *  O.9O  m,  then  we  have 


F  =  1^000  X  0.9  =  175  Kg 

If  the  distance  of  the  center  of  gravity  of  the  flap  from  the 
latter's  hinge  line  be  k  =  0,02  m,  then  the  restoring  moment  6n  the 
flap  will  be  given  by 


=  F  .  k  slno<  =  175  X  0.02  slno( 
=  5.5  slnc<  .  mKg  =  0.15  Mq  since 
where  cK  is  the  angle  of  deflection  of  the  flap. 


Moments  due  to  the  accelerating  rotation  of  the 
blade  through 


F  ^  ffJ  ^  f  c 


Taking  /),  as  the  linear  flapping  amplitude  at  the  level 
of  the  flap's  center  of  gravity  ,  we  have  ; 


/. 
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f„  =  0.85  ^  ^  ^ 
with  =  5",  n  =  2 

Pmax  =  1*8  X  0.086  x  5x6  x  0.85  x  4,000  =  280  Kg. 

57.3 

Whence  may  be  obtained  the  moment  referred  to  the' flap's 
hinge  line  : 

=  F  X  k  =  5.6  mKg  =  0.215  . 

Moment  on  flap  due  to  blade  motion  through  6. 

This  Is  given  by 

=  k  m  f  (jj^ 

where  f  Is  the  amplitude  of  the  flap  displacement. 

The  amplitude  of  this  Moment  Is  of  the  order  of 
0.10  mKg  =  0.004  Mq  . 

Moments  resultlngs  from  Coriolis  forces 

The  angles  of  deflection  of  the  flap  about  Its  hinge  line 
are  of  tte  same  order  as  the  variations  In  the  angled.  The 
dimensional  characteristics  of  the  flap  section  are  ten  times 
less  than  those  of  the  blade  section.  The  length  of  the  flap 
being  1.8  m  and  that  of  the  blade  6  ra,  the  moments  of  Inertia 
of  the  flap  are  of  the  order  of  l/JOOth  of  those  of  the  blade. 
In  consequence,  the  moments  resulting  from  the  Coriolis  forces 
are  likewise  of  the  order  of  1/500  of  those  sustained  by  the 
blade,  and  can  therefore  be  neglected. 

Conclusion 


All  results  have  been  summarized  in  the  table  below  which 
permits  the  effects  of  each  moment  to  be  assessed  without  diffi¬ 
culty.  These  effects  are  in  all  cases  refei'red  to  the  restoring 
moment  Mq  due  to  the  centrifugal  force  arising  from  the 
rotation 


Mp  =  24  mKg. 


A 


* 

Nature  of  Moment 

Pulsation 
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Relative  Amplitude 

Pitching  Moments  sustal- 
ned  by  the  blade 

Centrifugal  forces 

rotation 

(jJ 

1 

y  rotation 

l.lcj 

0.001 

A  rotation 

2  o 

0.05 

r 

0.01 

Coriolis  forces 

A 

vf'  A  Fr 
(*»  A  rr 

2 

0.1 

0.06 

I.ICJ 

0.001 

Flap  deflections 

Co 

0.0056 

2  cO 

0.011 

3  CO 

0.002 

4  CO 

0.0046 

5CO 

0.0065 

Pitching  Moments  sustal- 

ned  by  the  flap 

Centrifugal  forces 

rotation 

•  • 

CO 

0.15  slno< 

|3  Acceleration 

2  CO 

3  CO 

0.215 

Blade  motion 

CO 

0.004 

through  0 

Coriolis  forces 

<  0.0005 
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ANALYTICAL  STUDY  OF  TORSION  MOMENTS  DUE  TO. 
AERODYNAMIC  FORCES 


Since  in  the  case  of  a  rotor  with  blown  blades  the  position 
of  the  center  of  thrust  of  the  aerodynamic  forces  depends  upon 
the  angle  of  incidence  i  ,  the  blowing  coefficient  C^  ,  the  angle 
dj  of  jet  deflection  and  the  Mach  number,  calculations  for  the 
pitching  moments  cannot  be,  conducted  in  the  classic  manner. 

The  method  used  Instead  is  set  out  below  and  is  applied  to  a 
numerical  example. 

The  pitching  moments  generally  vary  with  blade  azimuth  and 
the  problem  of  reducing  the  amplitude  of  these  variations  has  been 
studied. 

Principle  underlying  the  analytical  method 
of  determining  the  aerodynamic  pitching  moments 

The  aerodynamic  pitching  moments  are  calculated  with  refe¬ 
rence  to  the  centers  of  gravity  of  the  various  blade  sections; 
Indeed,  when  referred  to  these  points,  the  moments  due  to  the 
inertia  forces  are  at  a  minimum  while  those  due  to  the  aerodyna¬ 
mic  forces  are  virtually  the  largest  the  blade  will  be  called  upon 
to  sustain. 

To  this  end,  the  moments  are  calculated  with  reference  to 
the  leading  edge  by  the  approximate  method  B  described  in  previous 
Section  ,  i.e,  by  assuming  that 'the  force  arising  from  a  cor¬ 
responding  to  0  (all  other  things  being  equal)  is  applied 
at  25  ^  chord, 'and  that  the  remainder  of  the  forces  are  applied 
at  a  center  of  thrust  given  by  Figure  215. 

Next  are  deduced  the  locations  of  the  centers  of  thrust.  Knov 
ledge  of  these,  in  conjunction  with  that  of  the  corresponding  lift 
forces,  is  sufficient  to  determine  the  locus  of  the  centers  of 
gravity  relative  to  the  blade’s  leading  edge  required  to  Insure 
that  the  maximum  moment  during  blade  rotation  is  as  small  as 
possible.  It  is  supposed  that  the  center  of  gravity  and  the  cente] 
of  shear  are  located  at  the  same  point  which  means  that  there 
is  only  pure  torsion. 

The  maximum  moment  is  then  computed  with  reference  to  this 

locus . 


Numerical  Example 


This  example  is  based  on  the  following  flight  and  rotor  chardc 
terlstlcs  ;  \ 


Number  of  blades 
Rotor  radius 
Length  of  blown  section 
Blade  chord  at  0,85  R 
Rotational  speed 


b  =  2 

R  =  6  m 

0.7  R  to  1.0  R 

t  =  0.455  m 

n  =  5  r.p.s. 

_ u 
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Lift  •  Pn  = 
Forward  speed  V  = 
Inclination  of  rotor  shaft  o(a  = 


5 >000  Kg 
500  k.p.h. 

10®5 


The  pattern  governing  the  variation  of  the  angle  of  deflec¬ 
tion  of  the  air  Jet  is  determined  by  the  condition  that  the 
bending  moments  at  the  blade  root  due  to  the  lift  forces  shall 
be  zero. 

Figure  2l8shows,  in  terms  of  ifJ  ,  and  at  0.85  R>  the  value 
of  the  Jet  deflection  angle  0y,  of  the  blowing  coefficient  C  ^  . 
and  of  ;  d  r 

the  due  to  the  blowing 

«s 

the  C-^  due  to  the  effect  of  ^ 

^  di 

the  C  due  to  the  flap  effect 

the  due  to  the  jet  reaction. 

Figure  2:©indlcates  the  moments  at  the  blade  root  due  to 
effect  of  <  and  the  total  moments  j?esultlng  from  the  lifi 
forces.  -  -T_-  -  .>  ... 


The  figure  also  shows  the  variation  in  the  blad( 


lift  due  to  effect  of  ,  the  total  lift  Pt  and  the  half 

sum  of  the  total  Ilf  tat  tp  and  ^TT. 

The  diagram  giving  the  air  loads  at  0.7  R,  1.0  R,  is  given- 
in  Figure  220  .  On  this  diagram  are  figured  the  vectors  represen¬ 
ting  the  air  loads  per  meter  of  blade  length  at  every  azimuthal 
position  of  the  blade  and  also  their  point  of  application  along 
the  blade  chord. 

4.U  gravity  of  the  blade  outer  portion  was  located 

so  that  the  mean  torsion  moment  in  that  section  over  a  comolete 
revolution  of  the  blade  should  be  zero.  This  location  works  out 
at  approximately  midway  along  the  tip  chord  of  the  blade, 

^  ..u  '  which  is  the  boundary  between  the  blown  section 

of  the  blade  (requiring  a  center  of  gravity  at  42  %  chord)  and  the 
unblown  section  (requiring  a  center  of  gravity  at  25  %  chord)  a 
compromise  was  reached.  The  center  of  gravity  was  fixed  at  36.4  ^ 
chord,  as  this  gives  equality  between  the  maxlmumnose-down  and’ 
nose-up  pitching  moments  in  absolute  values. 

center  of  gravity  then  shifts  progressively  from  36.4  ^ 
from’o  5  R°to^o'^  remains  at  this  percentage  value 

The  corresponding  theoretical  blade  shape  is  civen  In 
Figure  221  . 

A  variable  moment  consequently  subsists  whose  amplitude  Is  o 
the  order  of  80  mKg  and  which  Is  maximum  at  0.7  R  when  it  is  a  nos( - 
down  moment  (4/  =  270")  and  maximum  at  0.5  R  when  it  is  a  nose-up 
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moment  (y  =  50“)  its  spanwlse  variation  being  shown  in  Figure  221. 
The  shift  in  the  center  of  thrust  at  0.85  R  is  +  16.5  %  of  chord. 

It  may  be  noted  that  these  results  could  be  improved  by 
decreasing  the  collective  angle  of  attack  of  thje  blade  and  increa¬ 
sing  the  over-all  deflection  bj  in  order  to  take /(b¥' t14®  favorable 
effect  of  the  Mach  number  on  the  advancing  blade. 

It  was  seen  in  the  previous  sections  that  when  the  Mach 
number  increases  the  center  of  thrust  shifts  towards  the  trailing 
edge  for  a  given  value  of  . 

As  the  retreating  blade  has  its  center  of  thrust  well  at  the 
rear,  due  to  the  high  deflection  &J,  it  is  only  necessary  to 
moderately  deflect  the  flap  of  the*  advancing  blade  to  obtain  an 
equivalent  shift  of  the  center  of  thrust  in  this  area  and  ,  conse¬ 
quently,  equalize  the  pitching  moments. 

It  may  also  be  noted  that  this  moderate  deflection  in 
the  advancing  blade  area  is  advantageous  in  terms  of  the  critical 
Mach  number. 

Reducing-  the  shift  in  the  center  of  thrust  of  the 
lift  forces  on  the  blade  .  '  ' 

The  method  of  calculating  the  moments,  as  applied  to  the 
preceding  numerical  example,  shows  the  advantage  of  envisaging 
other  solutions  for  reducing  the  amplitude  of  the  torsion  moments. 
The  problem  is  first  dealt  with. in  its  general  aspects,  following 
which  particular  cases  are  considered  leading  to  practical  embo¬ 
diments  . 

Principle  underlying  the  method 

It  was  seen  in  a  previous  Section  that  the  pitching  moment 
due  to  the  blowing  forces,  referred  to  a  point  P  on  the  airfoil 
chord,  takes  the  form  : 

"A"  is  the  point  at  which  the  lift  forces  due  to  the  effect 
of  the  incidence  1  are  applied. 

"B"  is  the  point  at  which  are  applied  the  lift  forces  which 
vary  with  and  which  Include  the  blowing  and, flap  effects. 

Whereas  it  la  not  easy  to  operate  on  the  ,  it  is  on  the 

other  hand  possible  to  cancel  out  by  making  vary  with 

respect  to  y/  in  obedience  to  a  suitable  pattern^ 

Whence  the  method  is  derived  as  follows  : 

A  pattern  is  adopted  for  the  variation  of  the  blade  pitch 
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with  respect  to  l|/  ,  From  this  1  can  be  deduced  and  1,  ,  F  A 

and  F  B  replaced  by  their  values.  From  this  In  turn  can  be 
deduced  in  terms  of  ^  ,  the  position  of  F  being  determined 

empirically  on  the  basis  of  the  requirement  that,  over  a  complete 
blade  revolution,  1  and  6j  shall  reach  their  maximum  permisslbl( 
values.  ® 


Approximate  methods 

The  intent  must  in  all  cases  be  to  seek  to  approach  propor¬ 
tionality  between  the  lift  due  to  the  incidence  i  and  the  lift 
due  to  Jet  deflection  • 

=»  0  nattern 


With  low  values,  this  solution  enables  the  of  the 
retreating  blade'  to  be  improved  at  the  cost  of  a  minimum  of  modi¬ 
fication  to  the  blade;  it  also  enables  the  critical  Mach  number 
to  be  raised  and  the  rotor's  lift/drag  ratio  to  be  improved.  Thi£ 
in  turn  will  be  reflected  by  an  increase  in  the  helicopter's 
maximum  speed.  The  centers  of  thrust  are  at  25  ^  chord  as  with 
conventional  blades,  so  that  blowing  introduces  no  twisting  moment 

^  constant  pattern 


The  numerical  example  was  based  on  9^  =  22°5  •  The  center  ol 

thrust  shifts  by  about  +  10  of  chord  at ^0.85  R,  In  comparison 
with  the  previous  method,  the  of  the  retreating  blade  is  in¬ 
creased,  as  is  also  the  disc  loading.  The  blade  here  requires 
to  be  more  rigid  in  torsion  owing  to  the  pitching  moments  which 
arise, 

=  k  .  i  pattern 


The  law  of  variation  of  1  taken  "a  priori"  was  that  applying 
to  the  case  of  flight  with  a  constant  moment  at  the  blade  root,  as 
indicated  above. 

Another  example  based  on  pattern,  gave  moments 

of  +  50  mKg,  i.e,  of  the  order  of  one-third  pitching  moments  set 
up  If  constant  bending  moments  are  applied  to  the  blade  root. 

The  center  of  thrust  shift  was  +  6,5  %  of  chord. 

On  Figure  220are  also  indicated  the  lift  forces  in  terms 
of  ^  at  0.85  R  for  this  pattern. 


pattern 


It  is  possible  to  still  further  reduce  the  twisting  moments. 
A*  ■ -i—  particular  pattern  of  variation  of  $j  ,  when  applied 
to  the  numerical  example  involving  tne  flight  condi¬ 
tions  referred  to  previously,  results  in  a  center  of  thrust  shift 
of  less  than  +  1  cm,  i^e,  +  2  ^  of  chord,  in  other  words  in  pit- 
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chlng  moments  of  less  than  10  mKg. 

This  establishes  the  possibility  of  reducing  variable 
pitching  moments  to  values  that  may  be  virtually  as  smaU  L 

desired,  by  causing  $:  to  vary  in  terms  of  w  in  obe 
dience  to  a  suitable  pattern.  '  in  ooe- 

A  compromise  is  to  be  made  between  the  two  extreme  cases 
respectively  Involving  a  solution  on  the  basis  of  o  which 
leads  to  moderately  improved  aerodynamic  performanc^e  In'ccmoa- 
rison  with  conventional  helicopters  without  giving  rise  to 
addl  lonal  pitching  moments,  and  the  solutlof  ba«d  ora  Lstant 
bending  moment  at  the  blade  root  ,  which  gives  highly  Improved 
aerodynamic  performance  characteristics  in  conjunction  with 
higher  pitching  moments. 

The  table  below  compares  the  consequences  on  aerodynamic 

performance  and  blade  characteristics  of  the  different  patterns 
of  variation  of  0^-  open  to  choice.  ciiiierent  patterns 


CONCLUSION 
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The  aerodynamic  torsion  (pitching)  moments  acting  on  a 
blown  blade  may  be  largely  different  from  those  which  act  on  a 
conventional  blade. 

The  tests  carried  out  show  the  existance  of  two  aerodynamic 
centers  in  the  blown  blade  section. 

The  first  aerodynamic  center  located  approximately  at  quar¬ 
ter  chord  is  the  point  of  application  of  all  the  aerodynamic 
forces  when  the  direction  of  the  Jet  sheet  is  parallel  to  the 
section  zero  lift  axis  (  ^‘  =  0  ) . 

These  lift  forces  Include  the  conventional  lift  force  due 
to  airfoil  non  zero  angle  of  attack  and  the  lift  force  due  to 
blowing  at  fl-  =  0. 
d 

The  second  aerodynamic  center  located  approximately  at 
half  chord  is  the  point  of  application  of  the  aerodynamic  lift 
force  due  to  blowing  at  zero  angle  of  attack  of  the  blade  section 
This  force  Includes  the  effects  of  and  0J  and  also  the 
effect  of  the  flap  itself  at  zero  an^e  of  attack  of  the  blade 
section. 

A  single  aerodynamic  center  may  thus  be  obtained  only  in 
the  three  following  cases  : 

a)  -  Blowing  is  maintained  in  a  fixed  direction  with  no 

deflectloh  (  ^’  =  0) ,  In  this  case  blowing  is  used  only  to 
improve  performance,  the  rotor  being  driven  and  controlled 
by  conventional  means. 

The  aerodynamic  center  is  located,  in  this  case,  at  the 
blade  section  quarter  chord, 

b)  -  The  blown  blade  always  operates  at  zero  angle  of  attack. 

The  totality  of  the  lift  is,  in  this  case,  produced  by 
blowing  (  ^  =  0,  0  ) 

The  aerodynamic  center  is  located  at  half  chord. 

c)  -  The  pattern  of  the  Jet  deflection  over  azimuth  is  such  that 

there  is  a  fixed  proportion  between  the  forces  acting  at  the 
two  aerodynamic  centers. 

Such  a  pattern  is  practically  feasible  and  it  is  favorable 
for  rotor  control. 

In  this  case  all  happens  as  if  there  was,  a  single  fixed 
aerodynamic  center  located  in  an  intermediary  position 
between  quarter  and  half  chord. 

For  rotor  control  the  variations  of  9j  move  this  aerody¬ 
namic  center  only  in  a  transient  way.  Blade  pitch  may  remaii 
fixed.  / 


The  torsion  moments  acting  on  the  blade  being  referenced 
with  respect  to  the  section  shearing  center,  it  is  thus 
possible tofinda  combination  of  the  section  c.g.,  shearing 
center  and  aerodynamic  center  locations  which  would  give  a 
mean  torsion  moment  as  low  desired,  by  means  of  : 

-  choosing  a  suitable  Jet  deflection  pattern 

over  azimuth  in  order  to  obtain  a  fixed  aerodynamic 
center  ', 

-  putting  on  additional  weight  in  the  blade  in  order  to 
move  to  the  desired  position  the  c.g.  and  the  shearing 
center. 

It  must  be  noted  here  that  in  the  case  of  a  jet-flap  driven 
and  controlled  rotor  the  blades  are  fixed  in  pitch  and,  the¬ 
refore,  the  torsion  moments  acting  at  the  root  of  the  blade 
are  directly  taken  by  the  rotor  head  structure,  and  no 
loads  are  transmitted  to  tteiblade  controls. 

The  shearing  stresses  in  the  blade  structure  due  to  torsion 
are  however  to  be  taken  into  account  and  can  be  fairly  high. 

As  far  as  the  blade  outer  portion  is  considered,  and  though 
this  part  of  the  blade  structure  is  opened  along  one  of 
its  sides  (slit)  the  torsion  rigidity  may  be  made  as  high 
as  desirable  by  increasing  structure  weight  within  limits 
required  for  a  satisfactory  operation  of  the  rotor. 
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